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(54) Title: TRANSCUTANEOUS FLUID DELIVERY SYSTEM 

(57) Abstract: A device for delivering fluid to a person includes a reservoir for containing a fluid to be delivered to the person; a 
fluid transport device for dispensing fluid from the reservoir to the person, the fluid transport device including a proximal end in 
fluid communication with the reservoir and a distal end having a penetrating member for piercing the skin of the person to facilitate 
the delivery of fluid to the person through the fluid transport device; a housing containing the reservoir and the fluid transport device, 
the housing including an exit port for receiving the distal end of the fluid transport device upon injection of the distal end into the 
person and means for securing a first wall of the housing to the skin of the person; and an injection activation device including a 
driving mechanism contacting the fluid transport device for driving the penetrating member fi-om a first position within the housing, 
through the exit port to a second position, external to the housing and into the skin of the person. 
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TRANSCUTANEOUS FLUID DELIVERY SYSTEM 

Field of the Invention 

The present invention relates generally to devices for delivering therapeutic fluids 
and more particularly to small, disposable, portable infusion devices and methods that 
can be used to transcutaneously deliver these fluids safely and simply to a mammalian 
patient. Even more particularly, the present invention relates a transcutaneous infusion 
assembly that allows transcutaneous placement of a soft cannula safely and 
automatically, and does not require the disposal of a sharp, contaminated needle. 

Background of the Invention 

Today, there are numerous diseases and other physical ailments that are treated 
by various medicines including pharmaceuticals, nutritional formulas, biologically 
derived or active agents, hormonal and gene-based material and other substances in both 
solid or liquid form. In the delivery of these medicines, it is often desirable to bypass 
the digestive system of a mammalian patient to avoid degradation of the active 
ingredients caused by the catalytic enzymes in the digestive tract and liver. Delivery of a 
medicine other than by way of the intestines is known as parenteral delivery. Parenteral 
delivery of various drugs in liquid form is often desired to enhance the effect of the 
substance being delivered, insuring that the unaltered medicine reaches its intended site 
at a significant concentration. Also, undesired side effects associated with other routes 
of delivery, such as systemic toxicity, can potentially be avoided. 

Often, a medicine may only be available in a liquid form, or the liquid version may have 
desirable characteristics that cannot be achieved with solid or pill form. Delivery of 
liquid medicines may best be accompUshed by infusing directly into the cardiovascular 
system via veins or arteries, into the subcutaneous tissue or directly into organs, tumors, 
cavities, bones or other site-specific locations within the body. 

Parenteral delivery of liquid medicines into the body is often accomplished by 
administering bolus injections using a needle and reservoir, or continuously by gravity 
driven dispensers or transdermal patch technologies. Bolus injections often imperfectly 
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match the clinical needs of the patient, and usually require larger individual doses than 
are desired at the specific time they are given. Continuous delivery of medicine through 
gravity feed systems compromise the patient's mobility and lifestyle, and Umit the 
therapy to simplistic flow rates and profiles. Transdermal patches have special 
requirements of the medicine being delivered, particularly as it relates to the molecular 
structm-e, and similar to gravity feed systems, the control of the drug administration is 
severely limited. 

Ambulatory infusion pxmips have been developed for delivering liquid 
medicaments to a patient. These infusion devices have the ability to offer sophisticated 
fluid delivery profiles accomplishing bolus requirements, continuous infusion and 
variable flow rate delivery. These infusion capabilities usually result in better efficacy of 
the drug and therapy and less toxicity to the patient's system. An example of a use of an 
ambulatory infusion pump is for the deUvery of insulin for the treatment of diabetes 
mellitus. These pumps can deliver insulin on a continuous basal basis as well as a bolus 
basis as is disclosed in U.S. Patent 4,498,843 to Schneider et al. 

The ambulatory pumps often work with a storage device to contain the liquid medicine, 
such as a cartridge or reservoir, and use electro-mechanical pumping or metering 
technology to deliver the medication to the patient via tubing from the infusion device to 
a needle that is inserted transcutaneously^ or through the skin of the patient. The devices 
allow control and programming via electromechanical buttons or switches located on the 
housing of the device, and accessed by the patient or clinician. The devices include 
visual feedback via text or graphic screens, such as liquid crystal displays known as 
LCD's, and may include alert or warning lights and audio or vibration signals and alarms. 
The device can be wom in a harness or pocket or strapped to the body of the patient. 

Currently available ambulatory infusion devices are expensive, difficult to 
program and prepare for infusion, and tend to be bulky, heavy and very firagile. Filling 
these devices can be difficult and require the patient to carry both the intended 
medication as well as filling accessories. The devices require specialized care, 
maintenance, and cleaning to assure proper functionality and safety for their intended 
long-term use. Due to the high cost of existing devices, healthcare providers limit the 
patient populations approved to use the devices and therapies for which the devices can 
be used. 
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Clearly, therefore, there is a need for a programmable and adjustable infusion 
system that is precise and reliable and can offer clinicians and patients a small, low cost, 
light weight, simple to use alternative for parenteral delivery of liquid medicines. 

In response, the applicant of the present application provided a small, low cost, 
lightweight, easy to use device for delivering liquid medicines to a patient, which is 
described in co-pending U.S. application serial No. 09/943,992, filed on August 31, 
2001. The device includes an exit port, a dispenser for causing fluid from a reservoir to 
flow to the exit port, a local processor programmed to cause a flow of fluid to the exit 
port based on flow instructions from a separate, remote control device, and a wireless 
receiver connected to the local processor for receiving the flow instructions. To reduce 
the size, complexity and costs of the device, the device is provided with a housing that is 
free of user input components, such as a keypad, for providing flow instructions to the 
local processor. 

What is still desired, however, are new and improved devices for delivering fluid 
to a patient. 

Summarv of the Invention 

The applicant has determined that a sophisticated ambulatory infusion device that 
can be programmed to reliably deliver variable flow profiles of liquid medications, yet is 
small, lightweight and low cost, is needed. Avoiding the general upkeep and 
maintenance required by expensive, long-term use devices is necessary for broader 
acceptance of ambulatory infusion therapy. Smaller and lighter devices are easier to 
carry and are more comfortable for the patient even allowing the device to attach with 
adhesive to the patient's skin similar to a transdermal patch. 

The fluid delivery devices of the present invention are simple in design, and 
inexpensive and easy to manufacture, to further reduce the size, complexity and costs of 
the devices, such that the devices or portions thereof lend themselves to being small and 
disposable in nature. In addition, the fluid delivery devices may include a transcutaneous 
infusion assembly that allows transcutaneous placement of a soft cannula safely and 
automatically, and does not require the disposal of a sharp, contaminated needle. 
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An inexpensive device allows greater flexibility in prescribing the device for use 
by reducing the financial burden on healthcare insuraace providers, hospitals and patient 
care centers as well as patients themselves. In addition, low cost devices make it more 
practical for a patient to have one or more replacement devices readily available. If the 
primary device is lost or becomes dysfunctional, availability of the replacement 
eliminates costly expedited repair aad avoids periods of discontinued ambulatory 
therapy. 

According to one embodiment of the invention, a device for delivering fluid to a 
person includes a reservoir for containing a fluid to be delivered to the person; a fluid 
transport device for dispensing fluid from the reservoir to the person, the fluid transport 
device including a proximal end in fluid communication with the reservoir and a distal 
end having a penetrating member for piercing the skin of the person to facilitate the 
delivery of fluid to the person through the fluid transport device; a housing containing 
the reservoir and the fluid transport device, the housing including an exit port for 
receiving the distal end of the fluid transport device upon injection of the distal end into 
the person and means for securing a first wall of the housing to the skin of the person; 
and an injection activation device including a driving mechanism contacting the fluid 
transport device for driving the penetrating member from a first position within the 
housing, through the exit port to a second position, extemal to the housing and into the 
skin of the person. 

The driving mechanism of the injection activation device may include a plunger 

having a body portion extending through an aperture in a second wall of the housing and 

in fictional contact with the distal end of the fluid transport device, such that the 

appUcation of a longitudinal force to the plimger drives the penetrating member firom the 

first position to the second position. The plunger may include a fiiction member 

disposed on the body portion, the fiiction member causing the body portion of the 

plunger to have a width dimension which is sUghtly larger than a width dimension of the 

aperture of the housing, thus requiring a specific longitudinal force to be applied to the 

plunger to enable the fiiction member to pass through the aperture, the specific force 

being translated to the distal end of the fluid transport device. The friction member may 

be an annular flange. The plunger may further include a head portion for stopping travel 

of the plunger by contacting the housing. The plunger may be removable from the 

housing after the penetrating member is driven to the second position. The driving 
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mechanism of the injection activation device may include a plimger contained within the 

housing, the plunger having a first end including a lateral protrusion and a second end in 

firictional contact with the distal end of the fluid transport device, the injection activation 

device ftirfher including a biasing spring for biasing the plimger for driving the 

penetrating member from the first position to the second position, and the lateral 

protrusion being in contact with an intemal ridge of the housing, with the penetrating 

member in the first position, thereby preventing the plunger from driving the penetrating 

member from the first position to the second position; the housing including an actuator 

for urging the lateral protrusion from the intemal ridge, thereby causing the plimger to 

drive the penetrating member from the first position to the second position. The actuator 

may include a finger coupled to an inside surface of a flexible wall portion of the 

housing, a distal end of the finger being in contact with the lateral protrusion such that an 

application of pressure to the flexible wall portion causes the finger to urge the lateral 

protrusion from the ridge, thereby causing the plimger to drive the penetrating member 

from the first position to the second position. The distal end of the finger, upon the 

application of pressure to the flexible wall portion, may move in same the direction as 

the flexible wall portion. The distal end of the finger, upon the application of pressure to 

the flexible wall portion, may move in a substantially opposite direction as the flexible 

wall portion. The finger may include a pivot which causes the distal end of the finger to 

move in a direction substantially opposite that of the flexible wall portion. The driving 

mechanism of the injection activation device may include a pivoting arm aad the 

injection activation device further includes a latch assembly, the pivoting arm having a 

proximal end pivotally coupled to an inside surface of a wall of the housing and a distal 

end in contact with the latch assembly integral with a side wall of the housing, the fluid 

transport device being coupled to the arm such that when the distal end of the arm is in 

contact with the latch assembly, the penetrating member is in the first position; the 

injection activation device further includes a biasing spring attached between the 

proximal and distal ends of the arm and a wall of the housing, the biasing spring urging 

the arm to drive the penetrating member to the second position; and the latch assembly 

includes a latch for contacting the distal end of the pivoting arm to prevent the pivoting 

arm from driving the penetrating member from the first position to the second position 

under the influence of the biasing spring and a latch release mechanism for moving the 

latch out of contact with the distal end of the pivoting arm, thereby enabling the pivoting 
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arm to drive the penetrating member from the first position to the second position under 

the influence of the biasing spring. The latch release mechanism may include an 

electrically driven actuator coupled between the latch and the side wall of the housing, 

such that, upon the application of a charge to the electrically driven actuator, the 

electrically driven actuator activates to pull the latch out of contact with the distal end of 

the pivoting arm. The electrically driven actuator may include one of a shape memory 

alloy, a shape memory polymer, a piezo electric actuator and a solenoid. The device may 

further include a local processor connected to the latch release mechanism and 

programmed to apply a charge to the electrically driven actuator based on injection 

instructions; and a wireless receiver connected to the local processor for receiving 

injection instructions from a separate, remote control device and delivering the injection 

instructions to the local processor. The housing may be free of user input components 

for providing injection instructions to the local processor. The device may ftuHier 

include a remote control device separate from the fluid delivery device, the remote 

control device including a remote processor; user interface components connected to the 

remote processor for transmitting the injection instructions to the remote processor; and a 

transmitter connected to the remote processor for transmitting the injection instructions 

to the receiver of the fluid delivery device. The latch release mechanism may include a 

mechanical lever coupled to the latch and protruding through the side wall, such that, 

upon the lever being pulled away from the housing, the latch is pulled out of contact with 

the distal end of the pivoting arm. The injection activation device may include a discrete 

secondary housing, the plunger including a first end having a lateral protrusion and a 

second end in fiictional contact with the distal end of the fluid transport device, the 

second end of the plunger extending from within the secondary housing, out of a distal 

end thereof into the aperture of the housing and into fiictional contact with the distal end 

of the fluid transport device; the injection activation device may fiirfher include a biasing 

spring coupled between the first end of the plunger and a proximal end of the secondary 

housing within the secondary housing for biasing the plunger for driving the penetrating 

member from the first position to the second position, the lateral protrusion being in 

contact with an internal ridge of the secondary housing, with the penetrating member in 

the first position, thereby preventing the plunger from driving the penetrating member 

from the first position to the second position; the secondary housing including an 

actuator for urging the lateral protrusion from the internal ridge, thereby causing the 

6 



wo 03/090509 



PCT/US03/12370 



plunger to drive the penetrating member from the first position to tihie second position. 
The injection activation device may include a discrete secondary housing, the plimger 
including a first end having a lateral protrusion and a second end in fiictional contact 
with the distal end of the fluid transport device, the second end of the plunger extending 
from within the secondary housing, out of a distal end thereof into the aperture of the 
housing and into frictional contact with the distal end of the fluid transport device. The 
injection activation device may further include a biasing spring coupled between the first 
end of the plunger and a proximal end of the secondary housing within the secondary 
housing for biasing the plunger for driving the penetrating member from the first position 
to the second position, the lateral protrusion being in contact with a latch assembly of the 
secondary housing, with the penetrating member in the first position, thereby preventing 
the plunger from driving the penetrating member from the first position to the second 
position. The latch assembly may include a latch for contacting the lateral protrusion of 
the plunger to prevent the plunger from driving the penetrating member from the first 
position to the second position under the influence of the biasing spring and a latch 
release mechanism coupled to the housing for moving the latch out of contact with the 
lateral protrusion, thereby enabling the plunger to drive the penetrating member from the 
first position to the second position under the influence of the biasing spring. The latch 
release mechanism may include an electrically driven actuator coupled between the latch 
and the side wall of the housing, such that, upon the application of a charge to the 
electrically driven actuator, the electrically driven actuator activates to pull the latch out 
of contact with the distal end of the pivoting arm. 

The latch release mechanism may include a mechanical lever coupled to the latch and 
protruding through the side wall, such that, upon an application of force to the lever , the 
latch is moved out of contact with the distal end of the pivoting arm. The driving 
mechanism may include a plunger having a first end in fiictional contact with the distal 
end of the fluid transport device, the plunger being biased to drive the penetrating 
member from the first position to the second position, the injection activation device 
further comprising a latch for contacting the plunger to maintain the penetrating member 
in the first position, the latch including an electrically driven actuator coupled to the 
latch, such that, upon the application of a charge to the electrically driven actuator, the 
electrically driven actuator activates to pull the latch out of contact with the plunger, 
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thereby enabling the plxmger to drive the penetrating means from the first position to the 
second position. 

According to another embodiment of the invention, a device for delivering fluid 
to a person includes a reservoir for containing a fluid to be delivered to the person; a 
fluid transport device for dispensing fluid from the reservoir to the person, the fluid 
transport device including a proximal end in fluid communication with the reservoir and 
a distal end having a penetrating member for piercing the skin of the person to facilitate 
the delivery of fluid to the person through the fluid transport device, the proximal end 
being coimected to the distal end by a medial portion of the fluid transport device; a 
housing containing the reservoir and the fluid transport device, the housing including an 
exit port for receiving the distal end of the fluid transport device upon injection of the 
penetrating member into the person and means for securing a first wall of the housing to 
the skin of the person; and an injection activation device including a driving mechanism 
contacting the fluid transport device for driving the penetrating member from a first 
position within the housing, through the exit port to a second position, external to the 
housing and into the skin of the person. The medial portion is disposed substantially 
parallel to the first wall of the housing and includes a lateral protrusion which, with the 
penetrating member in the first position, is biased against a latch assembly of the 
injection activation device by a biasing spring of the injection activation device, which is 
coupled between the lateral protrusion and an intemal ridge of the housing, the biasing 
spring being in an energized state such that, upon activating the latch assembly, the 
biasing spring drives the fluid transport device in a direction of travel substantially 
parallel to the first wall, resulting in the penetrating member being driven from the first 
position to the second position. 

The distal end of the fluid transport device may be flexible and the housing may 

include a deflecting device in the path of travel of the fluid transport device, wherein, 

upon activating the latch assembly, the distal end of the fluid transport device contacts 

the deflecting device which causes the distal end of the fluid transport device to be 

deflected from the direction of travel substantially parallel to the first wall of the housing 

to a second direction of travel at an angle of at least 15 . The second direction of travel 

may be up to 90 . The latch assembly may include a latch for contacting the lateral 

protrusion of the fluid transport device to prevent the biasing spring from driving the 

penetrating member from the first position to the second position and a latch release 
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mechanism coupled to the housing for moving the latch out of contact with the lateral 

protrusion, thereby enabling the biasing spring to drive the penetrating member from the 

first position to the second position. The latch release mechanism may include an 

electrically driven actuator coupled between the latch and the housing, such that, upon 

the application of a charge to the electrically driven actuator, the shape memory allow 

wire contracts, pulling the latch out of contact with the lateral protrusion of the fluid 

transport device. The electrically driven actuator may include one of a shape memory 

alloy, a shape memory polymer, a piezo electric actuator and a solenoid. The device may 

further include a local processor connected to the latch release mechanism and 

programmed to apply a charge to the electrically driven actuator based on injection 

instmctions and a wireless receiver connected to the local processor for receiving 

injection instructions from a separate, remote control device and delivering the injection 

instructions to the local processor. The housing may be free of user input components 

for providing injection instructions to the local processor. The device may further 

include a remote control device separate from the fluid delivery device and including a 

remote processor; user interface components connected to the remote processor for 

transmitting the injection instructions to the remote processor; and a transmitter 

connected to the remote processor for transmitting the injection instmctions to the 

receiver of the fluid delivery device. The latch release mechanism may include a 

mechanical lever coupled to the latch and protmding through the side wall, such that, 

upon an application of force to the lever, the latch is moved out of contact with the distal 

end of the pivoting arm. The biasing spring may include one of a torsional spring, a coil 

spring, a helical spring, a compression spring, an extension spring, an air spring, a wave 

spring, a conical spring, a constant force spring, a belleville spring and a beehive spring. 

According to another embodiment of the invention, a device for delivering fluid 

to a person includes a reservoir for containing a fluid to be delivered to the person; a 

fluid transport device for dispensing fluid from the reservoir to the person, the fluid 

transport device including a proximal end in fluid communication with the reservoir and 

a distal end having a penetrating member for piercing the skin of the person to facilitate 

the delivery of fluid to the person through the fluid transport device; a housing 

containing the reservoir and the fluid transport device, the housing including an exit port 

for receiving the distal end of the fluid transport device upon injection of the distal end 

into the person and means for securing a first wall of the housing to the skin of the 
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person; and an injection activation device including a driving mechanism contacting the 
fluid transport device for driving the penetrating member from a first position within the 
housing, through the exit port to a second position, extemal to the housing and into the 
skin of tihie person. The driving mechanism includes a lever having a first portion 
coupled to a drive axle and a second portion, opposite the first portion, contacting the 
fluid transport device. The injection activation device further comprising driving means 
operatively coupled to the drive axle for rotating the drive axle upon activation of the 
driving means, the second portion of the lever driving the penetrating member from the 
first position to the second position upon rotation of the drive axle. 

The lever may include a disk and the driving means may include a motor. The 
driving means may include an energized coil spring disposed about tibie drive axle which, 
when deenergized, causes the drive axle to rotate. 

According to another embodiment of the invention, a device for deUvering fluid 
to a person includes a reservoir for containing a fluid to be delivered to the person; a 
fluid transport device for dispensing fluid from the reservoir to the person, the fluid 
transport device including a proximal end in fluid communication with the reservoir and 
a distal end having a penetrating member for piercing the skin of the person to faciUtate 
the delivery of fluid to the person through the fluid transport device, the proximal end 
being connected to the distal end by a medial portion of the fluid transport device; a 
housing containing the reservoir and the fluid transport device, the housing including an 
exit port for receiving the distal end of the fluid transport device upon injection of the 
distal end into the person and means for securing a jBbrst wall of the housiug to the skin of 
the person; and an injection activation device including a driving mechanism contacting 
the fluid transport device for driving the penetrating member from a first position within 
the housing, through the exit port to a second position, extemal to the housiag and into 
the skin of the person. The medial portion is disposed substantially parallel to the first 
wall of the housing and includes a lateral protrusion. The driving mechanism includes an 
urging device disposed on one side of the lateral protrusion, the urging device being 
movable into contact with the lateral protrusion to urge the lateral protrusion downward, 
relative to the lorging device, causing the penetrating member to be driven from the first 
position to the second position. 

According to another embodiment of the invention, a device for delivering fluid 

to a person includes a reservoir for containing a fluid to be delivered to the person; a 
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fluid traasport device for dispensing flxiid from the reservoir to the person, the fluid 

transport device including a proximal end in fluid communication with the reservoir and 

a distal end having a penetrating member for piercing the skin of the person to facilitate 

the deUvery of fluid to the person through the fluid transport device; a housing 

containing the reservoir and the fluid traasport device, the housing including an exit port 

for receiving the distal end of the fluid transport device upon injection of the distal end 

into the person and means for securing a first wall of the housing to the skin of the 

person; and an injection activation device contacting the fluid transport device for 

driving the penetrating member from a first position within the housing, through the exit 

port to a second position, extemal to the housing and into the skin of the person. The 

fluid transport device includes a needle housed within a flexible cannula, the penetrating 

member being disposed at a distal end of the needle, the flexible cannula including a 

bellows portion proximate a distal end thereof, wherein, when the fluid transport device 

is in the first position, the bellows portion of the soft cannula is in a compressed state and 

the penetrating member extends beyond the distal end of the flexible cannula. The 

injection activation device includes a plunger having a body portion coupled to the fluid 

transport device between the proximal end and the bellows portion of the flexible 

cannula, such that the application of a first force in a first direction to the plunger drives 

the fluid transport device from the first position to the second position, wherein the 

penetrating member of the needle and the distal end of the flexible caimula extend 

through the exit port and into the skin of the person. 

Upon application of a second force to the plunger in a second direction 

substantially opposite the first direction, the penetrating member of the needle may be 

retracted to a third position, and the bellows portion of the flexible cannula is extended, 

thereby enabling the distal end of the flexible cannida to remain in the second position. 

The plunger may extend through a second wall of the housing and includes a head 

portion exterior to the housing, the first force being applied directly to the head portion 

by a person to drive the fluid transport device from the first position to the second 

position. The second force may be applied directly to the head portion by a person to 

move the penetrating member of the needle to the third position. The injection activation 

device may include a spring coupled between the plimger and an interior wall of the 

housing, the spring being in a deenergized state when the fluid transport device is in the 

first position and in an energized state when the fluid transport device is in the second 
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position, wherein, upon a termination of the apphcation of flie first force, the spring 
appUes the second force to the plunger, thereby causing the penetrating member to move 
to the third position. The plunger may include a lateral protrusion and the injection 
activation device includes a first spring in an energized state and positioned relative to 
the lateral protrusion to impart the first force upon releasing its energy and a second 
spring in an energized state and positioned relative to the lateral protrusion to impart the 
second force upon releasing its energy and the injection activation device includes a latch 
assembly for maintaining the first spring in its energized state and the second spring in 
its energized state. The latch assembly may include a first latch arm movable between a 
closed position, in which the first spring is maintained in the energized state and an open 
position, in which the first spring is released firom the energized state, thereby imparting 
the first force to the lateral protmsion to drive the fluid transport device from Ihe first 
position to the second position. The first latch arm may be held in the closed position by 
contact with the first spring and wherein the first latch arm is moved to the open state by 
a first latch activation device. 

The first latch activation device may include a first electrically driven actuator coupled to 

the latch arm, such that, upon the application of a charge to the first electrically driven 

actuator, the first electrically driven actuator activates, causing the latch arm to move 

from the closed position to the open position. The device of claim latch assembly 

may include a second latch arm movable between a closed position, in which the second 

spring is maintained in the energized state and an open position, in which the second 

spring is released from the energized state, thereby imparting the second force to the 

lateral protmsion to drive the fluid transport device from the second position to the third 

position. The second latch arm may be held in the closed position by contact with the 

second spring and wherein the second latch arm is moved to the open state by a second 

latch activation device. The second latch activation device may include a second 

electrically driven actuator coupled between the second latch arm and the housing, such 

that, upon the application of a charge to the second electrically driven actuator, the 

second electrically driven actuator activates, causing the second latch arm to move from 

the closed position to the open position. The third position may be the first position. 

The third position may be within the housing and fiuther away from the exit port than the 

first position. The third position may be between the first and second positions, such that 

the penetrating member is located between the distal end of the flexible cannula and the 
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exit port of the housing. The fluid transport device may be constructed and arranged 

such that, upon activation of the first force, a medial portion of the needle, between the 

proximal and distal ends, travels in a direction substantially parallel to the first wall. The 

housing may fiirfher include a deflector located along a path of travel of the fluid 

transport device for imparting a bend of at least 15 to the distal end of the fluid transport 

device, thereby directing the distal end through the exit port as the fluid transport device 

is driven fi*om the first position to the second position. The second latch activation 

device may include an urging device disposed on the lateral protrusion wherein, upon the 

first spring imparting the first force on the lateral protrusion, the urging device contacts 

the second latch arm and urges the second latch arm into its open position, thereby 

imparting the second force to the lateral protrasion. 

According to another embodiment of the invention, a device for delivering fluid 

to a person includes a reservoir for containing a fluid to be delivered to the person; a 

fluid transport device for dispensing fluid from the reservoir to the person, the fluid 

transport device including a proximal end in fluid commxmication with the reservoir and 

a distal end having a penetrating member for piercing the skin of the person to facilitate 

the delivery of fluid to the person through the fluid transport device; a housing 

containing the reservoir and the fluid transport device, the housing including an exit port 

for receiving the distal end of the fluid transport device upon injection of the distal end 

into the person and means for securing a first wall of the housing to the skin of the 

person; and an injection activation device contacting the fluid transport device for 

driving the penetrating member from a first position within the housing, through the exit 

port to a second position, external to the housing and into the skin of flie person. The 

fiuid transport device includes a needle housed within a flexible cannula, the penetrating 

member being disposed at a distal end of the needle, the flexible cannula including a 

retraction prevention mechanism proximate a distal end thereof, wherein, when the fluid 

transport device is in the first position, the retraction prevention mechanism of the soft 

cannula is within the housing and the penetrating member extends beyond the distal end 

of the flexible cannula. The injection activation device includes a plunger having a body 

portion coupled to the fluid transport device, such that the application of a first force in a 

first direction to the plunger drives the fluid transport device from the first position to the 

second position, wherein the penetrating member of the needle and the distal end of the 

flexible cannula extend through the exit port and into the skin of the person and the 

13 



wo 03/090509 



PCT/US03/12370 



retraction prevention mechanism of the flexible cannula is in contact with the exit port of 
the housing. 

The retraction prevention mechanism may include a protrusion disposed on the 

flexible caxmula» the protrusion causing the flexible cannula to have a width dimension 

greater than a width dimension of the exit port. The retraction prevention mechaQism 

may include aa annular ring disposed on the flexible cannula and having a greater 

diameter than a diameter of the exit port. The retraction prevention mechanism may 

include an extemally roughened portion of the flexible cannula. The retraction 

prevention mechanism may include one or more barbs disposed on an exterior surface of 

the flexible camiula. Upon application of a second force to the plunger in a second 

direction substantially opposite the first direction, the penetrating member of the needle 

may be retracted to a third position, and the retraction prevention mechanism of the 

flexible cannula may remain in contact with the exit port, thereby forcing the distal end 

of the flexible cannula to remain in the second position. The plunger may extend 

through a second wall of the housing and includes a head portion exterior to the housing, 

the first force being applied directly to the head portion by a person to drive the fluid 

transport device from the first position to the second position. The second force may be 

applied directly to the head portion by a person to move the penetrating member of the 

needle to the third position. The injection activation device may include a spring 

coupled between the plunger and an interior wall of the housing, the spring being in a 

deenergized state when the fluid transport device is in the first position and in an 

energized state when the fluid transport device is in the second position, wherein, upon a 

termination of the application of the first force, the spring applies the second force to the 

plunger, thereby causing the penetrating member to move to the third position. The 

plunger may include a lateral protrusion and the injection activation device includes a 

first spring in an energized state and positioned relative to the lateral protrusion to impart 

the first force upon releasing its energy and a second spring in an energized state and 

positioned relative to the lateral protrusion to impart the second force upon releasing its 

energy and the injection activation device includes a latch assembly for maintaining the 

first spring in its energized state and the second spring in its energized state. The latch 

assembly may include a first latch arm movable between a closed position, in which the 

first spring is maintained in the energized state and an open position, in which the first 

spring is released from the energized state, thereby imparting the first force to the lateral 
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protrasion to drive the fluid traasport device from the first position to the second 
position. The first latch arm may be held in the closed position by contact with the first 
spring and wherein the first latch arm is moved to the open state by a first latch 
activation device. 

The first latch activation device may include a first electrically driven actuator coupled 

between the latch arm and the housing, such that, upon the application of a charge to the 

first electrically driven actuator, the first electrically driven actuator activates, causing 

the latch arm to move from the closed position to the open position. The latch assembly 

may include a second latch arm movable between a closed position, in which the second 

spring is maintained in the energized state and an open position, in which the second 

spring is released from the energized state, thereby imparting the second force to the 

lateral protrasion to drive the fluid transport device from the second position to the third 

position. The second latch arm is held in the closed position by contact with the second 

spring and wherein the second latch arm is moved to the open state by a second latch 

activation device. The second latch activation device comprises a second electrically 

driven actuator coupled between the second latch arm and the housing, such that, upon 

the application of a charge to the second electrically driven actuator, the second 

electrically driven actuator activates, causing the second latch arm to move from the 

closed position to the open position. The fluid transport device may be constructed and 

arranged such that, upon activation of the first force, a medial portion of the needle, 

between the proximal and distal ends, travels in a direction substantially parallel to the 

first wall. The housing may fiulher include a deflector located along a path of travel of 

the fluid transport device for imparting a bend of at least 15 to the distal end of the fluid 

transport device, thereby directing the distal end through the exit port as the fluid 

transport device is driven from the first position to the second position. The second latch 

activation device may include an urging device disposed on the lateral protrusion 

wherein, upon the first spring imparting the first force on the lateral protrusion, the 

urging device contacts the second latch arm and urges the second latch arm into its open 

position, thereby imparting the second force. The housing may include a transparent 

portion disposed proximate the exit port, for providing a view of an entry site of the fluid 

transport device in the person's skin. 

According to another embodiment of the invention, a device for delivering fluid 

to a person includes a reservoir for containing a fluid to be dehvered to the person; a 
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fluid transport device for dispensing fluid from the reservoir to the person, tJie fluid 
transport device including a proximal end in fluid communication with the reservoir and 
a distal end having a penetrating member for piercing the skin of the person to facilitate 
the delivery of fluid to the person through the fluid transport device; a housing 
containing the reservoir and the fluid transport device, the housing including an exit port 
for receiving the distal end of the fluid transport device upon injection of the distal end 
into the person, means for securing a first wall of the housing to the skin of the person 
and a retraction prevention mechanism proximate the exit port; and an injection 
activation device contacting the fluid transport device for driving the penetrating member 
from a first position within the housing, through the exit port to a second position, 
external to the housing and into the skin of the person. The fluid transport device 
includes a needle housed within a flexible cannula, the penetrating member being 
disposed at a distal end of the needle. The injection activation device includes a plunger 
having a body portion coupled to the fluid transport device, such that the application of a 
first force in a first direction to the plunger drives the flxiid transport device from the first 
position to the second position, wherein the penetrating member of the needle and the 
distal end of the flexible cannula extend through the exit port and into the skin of the 
person, the distal end of the flexible cannula being in firictional contact with the 
retraction prevention mechanism of the housing. 

Upon application of a second force to the plunger in a second direction 
substantially opposite the first direction, the penetrating member of the needle may be 
retracted to a third position, and the retraction prevention mechanism of the housing 
maintains the distal end of the flexible cannula in the second position. The retraction 
prevention mechanism may include an extemally roughened portion of the exit port. The 
retraction prevention mechanism may include one or more barbs disposed on a cannula- 
contacting surface of the exit port. 

According to another embodiment of the invention, a device for delivering fluid 

to a person includes a reservoir for containing a fluid to be delivered to the person; a 

fluid transport device for dispensing fluid from the reservoir to the person, the fluid 

transport device including a proximal end in fluid communication with the reservoir and 

a distal end having a penetrating member for piercing the skin of the person to facilitate 

the delivery of fluid to the person through the fluid transport device; a housing 

containing the reservoir and the fluid transport device, the housing including an exit port 
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for receiving the distal end of the fluid transport device upon injection of the distal end 
into the person and means for securing a first wall of the housing to the skin of the 
person; and an injection activation device contacting the fluid transport device for 
driving the penetrating member from a first position within the housing, through the exit 
port to a second position, external to the housing and into the skin of the person. The 
fluid transport device includes a needle housed within a flexible caxmula, the penetrating 
member being disposed at a distal end of the needle, beyond a distal end of the flexible 
cannula, the flexible cannula having a length that is less than a length of the needle, 
wherein a proximal end of the flexible cannula, opposite the distal end of the needle, is 
constructed and arranged to provide a frictional seal between the flexible cannula and the 
needle, the frictional seal preventing an escape of the fluid from between the distal end of 
the cannula and the needle, while allowing the distal end of the cannula to slide along the 
needle. The injection activation device includes a plunger coupled to the fluid transport 
device, such that the application of a first force in a first direction to the plunger drives 
the fluid transport device from the first position to the second position, wherein the 
penetrating member of the needle and the distal end of the flexible cannula extend 
through the exit port and into the skin of the person. 

The plunger may include a first body portion coupled to the flexible cannula and 
a second body portion coupled to the needle and in contact with the first body portion, 
wherein, upon the application of the first force, the second body portion drives the 
needle, the first body portion and the flexible cannula from the first position to the 
second position. Upon the application of a second force to the second body portion, in a 
direction substantially opposite the first direction, the second body portion and the needle 
may be retracted to a third position. The injection activation device may fiirther include 
a retention member for contacting the flexible cannula to retain the cannula in the second 
position prior to the appUcation of the second force, thereby enabling the needle to be 
driven to the third position independent of tiie flexible cannula. The injection activation 
device may fiirther include a first latch mechanism for maintaining the fluid transport 
device in the first position prior to the application of the first force 

According to another embodiment of the invention, a device for delivering fluid 

to a person includes a reservoir for containing a fluid to be delivered to the person; a 

fluid transport device for dispensing fluid from the reservoir to the person, the fluid 

transport device including a proximal end in fluid communication with the reservoir and 
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a distal end having a penetrating member for piercing the skin of the person to faciUtate 

the deUvery of fluid to the person through the fluid transport device; a housing 

containing the reservoir and the fluid transport device, the housing including an exit port 

for receiving the distal end of the fluid transport device upon injection of the distal end 

into the person and means for securing a first wall of the housing to the skin of the 

person; and an injection activation device including a driving mechanism contacting the 

fluid transport device for driving the penetrating member from a first position within the 

housing, through the exit port to a second position, external to the housing and into the 

skin of the person. The fluid transport device includes a needle housed within a flexible 

cannida, the penetrating member being disposed at a distal end of the needle, the flexible 

cannula including a retraction prevention mechanism proximate a distal end thereof, 

wherein, when the fluid transport device is in the first position, the retraction prevention 

mechanism of the sofl: cannula is within the housing and the penetrating member extends 

beyond the distal end of the flexible cannula. The driving mechanism includes a 

rotational-to-linear motion converter coupled between rotational driving means of the 

injection activation device and the fluid transport device for converting rotational motion 

imparted on a drive shaft of the rotational-to-linear motion converter by the rotational 

drive means to linear motion which causes the driving mechanism to drive the 

penetrating member from the first position to the second position during a first portion of 

rotational travel of the drive shaft. 

The rotational-to-linear motion converter may be operative for retracting the 

penetrating member to a third position during a second portion of rotational travel of the 

drive shaft. The rotational-to-linear motion converter may further include a crank 

coupled to the drive shaft, the crank including an urging rod; and the injection activation 

device including a force translator coupled to the fluid transport device, the force 

translator having a longitudinal slot for receiving the urging rod such that, upon rotation 

of the drive shaft and crank, the force translator converts rotational motion of the urging 

rod to a linear motion imparted on the fluid transport device to drive the penetrating 

member from the first position to the second and third positions. The driving means may 

include a motor. The driving means may include a spring in an energized state disposed 

about the drive axle which, when deenergized, causes the drive axle to rotate. 

The injection activation device further comprising a latch arm movable between a closed 

position, maintaining the spring in the energized state, and an open position, in which the 
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spring is released from the energized state, thereby causing the drive axle to rotate. The 
latch arm may be held in the closed position by contact with the crank and wherein the 
latch arm is moved to the open state by a latch activation device. The latch activation 
device may include an electrically driven actuator coupled to the latch arm such that, 
upon the appUcation of a charge to the first electrically driven actuator, the first 
electrically driven actuator activates, causing the latch arm to move from the closed 
position to the open position. 

According to another embodiment of the invention, a device for delivering fluid 
to a person includes a reservoir for containing a fluid to be delivered to the person; a 
fluid transport device for dispensing fluid from the reservoir to the person, the fluid 
transport device including a proximal end in fluid commmiication with the reservoir and 
a distal end having a penetrating member for piercing the skin of the person to facilitate 
the delivery of fluid to the person through the fluid transport device; a housing 
containing the reservoir and the fluid transport device, tihie housing including an exit port 
for receiving the distal end of the fluid transport device upon injection of the distal end 
into the person and means for securing a first wall of the housing to the skin of the 
person; and an injection activation device contacting the fluid transport device for 
driving the penetrating member from a first position within the housing, through the exit 
port to a second position, external to the housing and into the skin of the person. The 
fluid transport device includes a needle housed within a flexible caruaula, the penetrating 
member being disposed at a distal end of the needle, the flexible cannula including a 
retraction prevention mechanism proximate a distal end thereof, wherein, when the fluid 
transport device is in the first position, the retraction prevention mechanism of the soft 
carmula is within the housing and the penetrating member extends beyond the distal end 
of the flexible cannula. The injection activation device includes a latch arm for 
maintaining the fluid transport device in the first position when the latch arm is in a 
closed state and a first spring in an energized state coupled to the fluid transport device, 
such that, upon releasing the latch arm, the first spring deenergizes causing the 
penetrating member to be driven from the first position to the second position, wherein 
the penetrating member of the needle and the distal end of the flexible cannula extend 
through the exit port and into the skin of the person and the retraction prevention 
mechanism of the flexible cannula is in contact with the exit port of the housing. 
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The first spring may include a leaf spring having a distal end in contact with the 

fluid transport device which, upon the penetrating member being driven to the second 

position, falls out of contact with the fluid transport device. The injection activation 

device may further include a second spring coupled to the fluid transport device which is 

in a deenergized state when the penetrating member is in the first position and which 

becomes energized as the penetrating member is driven from the first position to the 

second position upon release of the latch arm, such that, when the penetrating member 

reaches the second position, the second spring is energized such that, when the first 

spring falls out of contact with the fluid transport device, the second spring retracts the 

penetrating member to a third position, while the retraction prevention mechanism of the 

flexible caimxxla remains in contact with the exit port, thereby forcing the distal end of 

the flexible cannula to remain in the second position. The latch arm may be maintained 

in the closed position by contact with the fluid transport device and wherein the latch is 

released by a latch activation device. The latch activation device may include an 

electrically driven actuator coupled to the latch arm such that, upon the application of a 

charge to the first electrically driven actuator, the first electrically driven actuator 

activates, causing the latch arm to move from the closed state to the open state. The 

driving mechanism may include a sliding device disposed in a ramp portion of the 

injection activation device and in contact with the fluid transport device, the ramp 

portion being disposed relative to the fluid transport device such that, as the sliding 

device is moved along the ramp portion, an urging member of the sliding device slides 

between the ramp portion and the fluid transport device, causing the fluid transport 

device to be driven from the first position to the second position. The sUding device may 

further include a handle portion extemal of the housing, for enabling a user of the device 

to manually slide the urging member along the ramp portion to drive the fluid transport 

device from the first position to the second position. The plunger may include a body 

portion coupled to the needle and in contact with the proximal end of the flexible 

caimula, wherein upon the appUcation of the first force in the first direction, the body 

portion drives the needle and the flexible cannula from the first position to the second 

position. Upon the application of a second force to the second body portion, in a 

direction substantially opposite the first direction, the body portion and the needle are 

retracted to a third position. The injection activation device may further include a 

retention member for contacting the flexible cannula to retain the cannula in the second 
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position prior to the application of the second force, thereby enabling the needle to be 
driven to the third position independent of the flexible cannula. The injection activation 
may further include a spring which is in an energized state while the fluid transport 
device is in the first position. 

When the spring is deenergized, the spring may apply the first force to the plunger 

during a first portion of deenergization, driving the fluid transport device from the first 

position to the second position. During a second portion of the deenergization, the 

spring may drive the plunger in the second direction, substantially opposite the first 

direction, thereby retracting the body portion and the needle to the third position. The 

injection activation device may further include a latch arm which, when in a closed state, 

maintains the fluid transport device in the first position and the spring in the energized 

state. The latch arm may be maintained in the closed position by contact with the fluid 

transport device and wherein the latch is released by a latch activation device. The latch 

activation device may include an electrically driven actuator coupled to the latch arm 

such that, upon the application of a charge to the first electrically driven actuator, the 

first electrically driven actuator activates, causing the latch arm to move firom the closed 

state to the open state. 

According to another embodiment of the invention, a device for delivering fluid 

to a person includes a reservoir for containing a fluid to be delivered to the person; a 

fluid transport device for dispensing fluid from the reservoir to the person, the fluid 

transport device including a proximal end in fluid communication with the reservoir and 

a distal end having a penetrating member for piercing the skin of the person to facilitate 

the delivery of fluid to the person through the fluid transport device; a housing 

containing the reservoir and the fluid transport device, the housing including an exit port 

for receiving the distal end of the fluid transport device upon injection of the distal end 

into the person and means for securing a first wall of the housing to the skin of the 

person; and an injection activation device contacting the fluid transport device for 

driving the penetrating member from a first position within the housing, through the exit 

port to a second position, external to the housing and into the skin of the person. The 

fluid transport device includes a needle housed within a flexible cannula, the penetrating 

member being disposed at a distal end of the needle, the flexible cannula including a 

retraction prevention mechanism proximate a distal end thereof, wherein, when the fluid 

transport device is in the first position, the retraction prevention mechanism of the soft 
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cannula is within the housing and the penetrating member extends beyond the distal end 
of the flexible cannula. The injection activation device includes a cam and a follower 
portion slidably coupled to the fluid transport device, the cam including a first cam 
portion and a second cam portion, the fluid transport device being in the first position 
when the follower portion is in contact with the first cam portion and in the second 
position when the follower portion is in contact with the second cam portion, wherein the 
penetrating member of the needle and the distal end of the flexible cannula extend 
through the exit port and into the skin of the person and the retraction prevention 
mechanism of the flexible cannula is in contact with the exit port of the housing; and 
driving means for driving the follower portion firom the first cam portion to the second 
cam portion. 

The injection activation device may further include a third cam portion, the 

driving means driving the follower portion firom the second cam portion to the third cam 

portion, such that, as the follower portion is driven fi-om the second cam portion to the 

third cam portion, the needle is retracted to a third position. The driving means may 

include a spring biased for driving the follower portion firom the first cam portion 

through the second cam portion to the third cam portion. When the follower portion is in 

contact with the first cam portion, the spring may be in an energized state. The injection 

activation device may further include a latch airm which, when in a closed state, 

maintains the spring in the energized state. The latch arm may be maintained in the 

closed position by contact with the spring and wherein the latch is released by a latch 

activation device. The latch activation device includes an electrically driven actuator 

coupled to the latch arm such that, upon the apphcation of a charge to the first 

electrically driven actuator, the first electrically driven actuator activates, causing the 

latch arm to move firom the closed state to the open state. The first force may be 

imparted to the fluid transport device by a first spring and the second force is imparted 

to the fluid transport device by a second spring; the first spring having a proximal end 

coupled to the needle and in contact with the flexible cannula and a distal end coupled to 

a distal end of the second spring; the second spring having a proximal end which is in a 

fixed position with respect to the housing; the first and second springs being in an 

energized state when the fluid transport device is in the first position. The injection 

activation device may further include a unitary control mechanism which contacts the 

first and second springs to maintain them in the energized states, the control mechanism 
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having a first finger contacting the proximal end of the first spring and a second finger 
contacting the distal end of the second spring, the first finger being shorter than the 
second finger. Upon moving the control mechanism away firom the first and second 
springs, the first finger releases the proximal end of the first spring, causing the fluid 
transport device to be driven firom the first position to the second position by the first 
force; aad after the application of the first force, the second finger releases the distal end 
of the second spring, causing the needle to be retracted firom the second position to the 
third position by the second force. 

According to another embodiment of the invention, a device for delivering fluid 
to a person includes a reservoir for containing a fluid to be delivered to the person; a 
fluid transport device for dispensing fluid firom the reservoir to the person, the fluid 
transport device including a proximal end ia fluid communication wilii the reservoir and 
a distal end having a means for facilitating the delivery of fluid to the person through the 
fluid transport device when inserted into the skin of the person; a housing containing the 
reservoir and the fluid transport device, the housing including an exit port for receiving 
the distal end of the fluid transport device upon injection of the distal end into the person 
and means for securing a first wall of the housing to the skin of the person; and a motion 
isolation device for isolating motion of the housing fi-om the fluid transport device when 
the penetrating member is external to the housing and within the skin of the person. 

The motion isolation device may include a spring mechanism coupled between 
the fluid transport device and the housing, the spring mechanism enabling the housing to 
move independently of the fluid transport device. The fluid transport device may include 
a flexible cannula and the motion isolation device comprises a loop in the flexible 
cannula between the distal end of the flexible caimula and a medial portion of the 
flexible cannula which is fixed to the housing, the loop portion enabling the housing to 
move independently of the flexible cannula. 

The plunger may be formed from a transparent material for providing a view of an 

injection site of the penetrating member. The plunger may provide a magnified view of 

the injection site. The device may fixrther include illumination means for directing light 

to the injection site through the plunger. 

According to another embodiment of the invention, a device for delivering fluid 

to a person includes a reservoir for containing a fluid to be delivered to the person; a 
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fluid transport device for dispensing fluid from the reservoir to the person, the fluid 
transport device including a proximal end in fluid communication with the reservoir and 
a distal end having a penetrating member for piercing the skin of the person to facilitate 
the delivery of flxiid to the person through the fluid transport device; a housing 
containing the reservoir and the fluid transport device, the housing including an exit port 
for receiving the distal end of the fluid transport device upon injection of the distal end 
into the skin of the person; and an injection activation device contacting the fluid 
transport device for driving the penetrating member from a first position within the 
housing, through the exit port to a second position, extemal to the housing and into the 
skin of the person. The fluid transport device comprising a needle housed within a 
flexible cannula, the penetrating member being disposed at a distal end of the needle, 
wherein, when the fluid transport device is in the first position, the penetrating member 
extends beyond the distal end of the flexible cannula. The injection activation device 
includes a plunger device coupled to the fluid transport device; a latch mechanism 
comprising a first latch arm for maintaining a first spring in an energized state and a 
second latch arm for maintaining a second spring in an energized state. Upon releasing 
the first latch arm, the first spring deenergizes and forces the plunger device and the fluid 
transport device from the first position to the second position and, upon the plunger and 
fluid transport device reaching the second position, the second latch arm is released, 
causing the second spring to deenergize and to force the plxmger device from the second 
position to a third position. 

The latch mechanism may include an electrically driven actuator coupled to the 
first latch arm such that, upon the application of a charge to the electrically driven 
actuator, the electrically driven actuator activates, causing the first latch arm to be 
released. The plunger device may include means for releasing the second latch arm, the 
releasing means contacting the second latch arm as the plunger device reaches the second 
position, thereby causing the second latch arm to be released. 

Brief Description of the Drawings 

Fig. 1 is a perspective view of a first exemplary embodiment of a fluid delivery 
device constructed in accordance with the present invention and shown secured on a 
patient, and a remote control device for use with the fluid delivery device (the remote 
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control device being enlarged with respect to the patient and the fluid deUvery device for 
purposes of illustration); 

Fig. 2 is a sectional view of the fluid delivery device of Fig. 1, with a slidably 
movable penetrating member shown deplo5ang a subcutaneous infusion caimula; 

Figs. 3A-3C are various views of one embodiment of a fluid delivery device in 
accordance with the present invention; 

Figs. 4A-4D are various views of another embodiment of a fluid delivery device 
in accordance with the present invention; 

Figs. 5A-5B are various views of another embodiment of a fluid delivery device 
in accordance with the present invention; 

Fig. 6 is a cutaway view of another embodiment of a fluid delivery device in 
accordance with the present invention; 

Figs, 7A-7D are various views of another embodiment of a fluid delivery device 
in accordance with the present invention; 

Figs. 8A-8E are various views of another embodiment of a fluid delivery device 
in accordance with the present invention; 

Figs. 9A-9C are various views of another embodiment of a fluid delivery device 
in accordance with the present invention; 

Fig. 10 is a cutaway view of another embodiment of a fluid delivery device in 
accordance with the present invention; 

Figs. 1 1 A-1 IC are various views of aaother embodiment of a fluid delivery 
device in accordance with the present invention; 

Figs. 12A-12B are various views of another embodiment of a fluid deUvery 
device in accordance with the present invention; 

Figs. 13A-13C are various views of another embodiment of a fluid delivery 
device in accordance with the present invention; 

Figs. 14A-14D are various views of another embodiment of a fluid deUvery 
device in accordance with the present invention; 

Figs. 1 1 A-1 IC are various views of another embodiment of a fluid delivery 
device in accordance with the present invention; 

Fig. 15 is a perspective view of another embodiment of a fluid dehvery device in 
accordance with the present invention; 
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Fig. 16 is a perspective view of another embodiment of a fluid delivery device in 
accordance with the present iavention; 

Figs. 17A-17B are various views of another embodiment of a fluid delivery 
device in accordance with the present invention; 

Figs. 18A-18C are various views of another embodiment of a fluid delivery 
device in accordance with the present invention; 

Fig. 19 is a cutaway view of another embodiment of a fluid dehvery device in 
accordance with the present invention; 

Fig. 20 is a perspective view of another embodiment of a fluid delivery device in 
accordance with the present invention; 

Figs. 21A-21D are various views of another embodiment of a fluid delivery 
device in accordance with the present invention; 

Figs. 22A-22C are various views of another embodiment of a fluid delivery 
device in accordance with the present invention; 

Figs. 23A-23H are various views of another embodiment of a fluid delivery 
device in accordance with the present invention; 

Fig. 24 is a cutaway view of another embodiment of a fluid delivery device in 
accordance with the present invention; 

Figs. 25 A-25D are various views of another embodiment of a fluid delivery 
device in accordance with the present invention; 

Figs. 26A-26E are various views of another embodiment of a fluid delivery 
device in accordance with the present invention; 

Figs. 27A-27D are various views of another embodiment of a fluid dehvery 
device in accordance with the present invention; 

Fig. 28 is a perspective view of another embodiment of a fluid dehvery device in 
accordance Avith the present invention; 

Fig. 29 is a perspective view of another embodiment of a fluid dehvery device in 
accordance with the present invention; 

Fig. 30 is a cutaway view of another embodiment of a fluid delivery device in 
accordance with the present invention; 

Fig. 31 is a cutaway view of another embodiment of a fluid delivery device in 
accordance with the present invention; 
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Fig. 32 is a cutaway view of another embodiment of a fluid delivery device in 
accordance with the present invention; 

Fig. 33 is a cutaway view of another embodiment of a fluid deUvery device in 
accordance with the present invention; 

Fig. 34 is a cutaway view of another embodiment of a fluid delivery device in 
accordance with the present invention; 

Figs. 35A-35B are various views of another embodiment of a fluid delivery 
device in accordance with the present invention; and 

Figs. 36A-36C are various views of another embodiment of a fluid deUvery 
device in accordance with the present invention. 

Detailed Description 

Referring to Figs. 1 and 2, there is illustrated the various embodiments of a fluid 
delivery device constructed in accordance with the present invention. The types of 
liquids that can be delivered by the fluid delivery device of the present invention include, 
but are not limited to, insulin, antibiotics, nutritional fluids, total parenteral nutrition or 
TPN, analgesics, morphine, hormones or hormonal drugs, gene therapy drugs, 
anticoagulants, cardiovascular medications, AZT or chemotherapeutics. The types of 
medical conditions that the fluid delivery device of the present invention might be used 
to treat include, but are not limited to, diabetes, cardiovascular disease, pain, chronic 
pain, cancer, AIDS, neurological diseases, Alzheimer's disease, ALS, hepatitis, 
Parkinson's disease or spasticity. 

Referring to Fig. 2, the device 810 generally includes an exit port assembly 870 
including a transcutaneous patient access tool, a dispenser 840 for causing fluid from a 
reservoir 830 to flow to the exit port assembly 870, and a processor or electronic 
microcontroller (hereinafter referred to as the "local" processor) 850 connected to the 
dispenser 840. 

The local processor 850 is programmed to cause a flow of fluid to the exit port 

assembly 870 based on flow instructions from a separate, remote control device 900, an 

example of which is shown in Fig. 1. Referring also to Fig. 2, the fluid delivery device 

810 fiirther includes a wireless receiver 860 connected to the local processor 850 for 

receiving the flow instructions from the separate, remote control device 900 and 
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delivering the flow instructions to the local processor. The device 810 also includes a 
housing 820 containing the exit port assembly 870, the reservoir 830, the dispenser 840, 
the local processor 850, and the wireless receiver 860. 

As shown, the housing 820 is free of user input components for providing flow 
instructions to the local processor 850, such as electromechanical switches or buttons on 
an outer surface 821 of the housing, or interfaces otherwise accessible to a user to adjust 
the programmed flow rate through the local processor 850. The lack of user input 
components allows the size, complexity and costs of the device 810 to be substantially 
reduced so that the device 810 lends itself to being small and disposable in nature. 

In order to program, adjust the programming of, or otherwise commimicate user 
inputs to the local processor 850, the fluid delivery device 810 includes the wireless 
communication element, or receiver 860 for receiving the user inputs from the separate, 
remote control device 900 of Fig. 1. Signals can be sent via a communication element 
(not shown) of the remote control device 900, which can include or be connected to an 
anteima 930, shown in Fig. 1 as being external to the device 900. 

Referring to Figs. 1 and 2, the remote control device 900 has user input 
components, including an array of electromechanical switches, such as the membrane 
keypad 920 shown. The control device 900 also includes user output components, 
including a visual display, such as a liquid crystal display (LCD) 910. Altematively, the 
control device can be provided with a touch screen for both user input and output. 
Although not shown in Fig. 1, the remote control device 900 has its own processor 
(hereinafter referred to as the "remote" processor) coimected to the membrane keypad 
920 and the LCD 910. The remote processor receives the user inputs from the 
membrane keypad 920 and provides "flow" instructions for transmission to the fluid 
delivery device 810, and provides information to the LCD 910. Since the remote control 
device 900 also includes a visual display 910, the fluid deUvery device 810 can be void 
of an information screen, fiirther reducing the size, complexity and costs of the device 
810. 

The commimication element 860 of the device 810 preferably receives electronic 

communication from the remote control device 900 using radio frequency or other 

wireless communication standards and protocols. In a preferred embodiment, the 

communication element 860 is a two-way commimication element, including a receiver 

and a transmitter, for allowing the fluid dehvery device 810 to send information back to 
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the remote control device 900. Li such an embodiment, the remote control device 900 
also includes an integral communication element 860 comprising a receiver and a 
transmitter, for allowing the remote control device 900 to receive the information sent by 
the fluid delivery device 810. 

The local processor 850 of the device 810 contains all the computer programs and 
electronic circuitry needed to allow a user to program the desired flow patterns and 
adjust the program as necessary. Such circuitry can include one or more 
microprocessors, digital and analog integrated circuits, resistors, capacitors, transistors 
and other semiconductors and other electronic components known to those skilled in the 
art. The local processor 850 also includes programming, electronic circuitry and 
memory to properly activate the dispenser 840 at the needed time intervals. 

In the exemplary embodiment of Fig. 2, the device 810 includes a power supply 
880, such as a battery or capacitor, for supplying power to the local processor 850. The 
power supply 880 is preferably integrated into the fluid delivery device 810, but can be 
provided as replaceable, e.g., a replaceable battery. 

Although not shown, the device can include sensors or transducers such as a 
reservoir volume transducer or a reservoir pressure transducer, for transmitting 
information to the local processor 850 to indicate how and when to activate the dispenser 
840, or to indicate other parameters determining flow, pump flowpath prime condition, 
blockage in flowpath, contact sensors, rotary motion or other motion indicators, as well 
as conditions such as the reservoir 830 being empty or leaking, or the dispensing of too 
much or too little fluid from the reservoir, etc. 

The volmne of the reservoir 830 is chosen to best suit the therapeutic application 
of the fluid delivery device 810 impacted by such factors as available concentrations of 
medicinal fluids to be deUvered, acceptable times between refills or disposal of the fluid 
delivery device 810, size constraints and other factors. The reservoir 830 may be 
prefiUed by the device manufacturer or a cooperating drag manufacturer, or may include 
extemal filling means, such as a fill port having needle insertion septum or a Luer 
connector, for example. In addition, the device 810 can be provided with a removable 
reservoir. 

Although not shown, the device 810 can also be provided with an adhesive layer 

on the outer surface of the housing 820 for securing the device 810 directly to the skin of 

a patient. The adhesive layer is preferably provided in a continuous ring encircling the 
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exit port assembly 870 in order to provide a protective seal around the penetrated skin. 
The housing 820 can be made from flexible material, or can be provided with flexible 
hinged sections that allow the fluid delivery device 810 to flex during patient movement 
to prevent detachment and aid in patient comfort. 

The dispenser 840 is connected in fluid communication with the reservoir 830, as 
shown in Fig. 2, and controlled by the local processor 850, which includes electronic 
programming, controls and circuitry to allow sophisticated fluid delivery programming 
and control of the dispenser 840. When the device 810 is provided with a pressurized 
reservoir 830 (i.e., fluid maintained within the reservoir at a pressure above 
atmospheric), the dispenser 840 is configured to act as a metering device, allowing 
pulses of fluid to pass from the pressurized reservoir 830, through the dispenser 840, to 
the exit port assembly 870 at atmospheric pressure. When the device 810 is provided 
with a non-pressxmzed reservoir 830, the dispenser 840 is configured to create a driving 
or pumping force on the fluid passing therethrough. 

Referring now to Figure 3 A-3C, a first embodiment of the fluid delivery device 
of the present invention includes a housing 12 for containing the reservoir and other 
control devices. The footprint of the housing 12 maybe square, rectangular, oval or 
other geometry, depending on the size requirements for containing the reservoir and 
other control elements as well as the comfort requirements of the user. Housing 12 
includes a first wall 14 having, preferably, an adhesive material 16 attached thereto for 
enabling the housing 12 to be adhered to the skin of the patient, thereby facilitating 
secured delivery of fluid to the person. While, in the preferred embodiment, the 
attachment means, as shown in Figure 3, is an adhesive tape attached to the first wall 14 
of the housing 12, it will be understood that any means for securing the housing 12 to the 
patient, such as simply taping the housing 12 to the skin of the patient, or securing the 
housing to the patient by means of a strap or other similar device. 

Housing 12 fiirther includes an exit port 18, disposed in tiie first wall 14, for 

enabling caimula 20 which, in this embodiment, is in the form of a rigid hollow needle 

having a penetrating portion 24, such as a sharpened point of the cannula 20 for 

penetrating the skin of the patient upon deployment of the cannula as described below. 

A plimger device 22 includes a body portion 30 which extends through an aperture 28 in 

a second wall of the housing 12, a head portion 32 and a cannula engagement portion 34 

which maintains a fiictional engagement with the cannula 20 when the cannula 20 is in 
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the predeploytnent stage, or first position, shown in Figure 3 A. Plunger device 22 
further includes one or more flanges 23 disposed along the body portion 30 thereof. As 
shown in Figure 3A, flaages 23 are initially exterior to the housing 12 in the 
predeploytnent stage and cause the plunger device 22 to have a diameter at the point of 
the flanges 23 which is greater than the diameter of the aperture 28 of the housing 12. 
After the housing 12 has been attached to the patient, the cannula is deployed into the 
skin of the patient by applying manual pressure to the head 32 of the plimger device 22 
in the direction shown by arrow 36 of Figure 3A. Since the flanges 23 cause the body 
portion 30 to have a larger diameter at the point of the flanges 23 than the diameter of the 
aperture 28, a specific force is required to compress the flanges to a point where they will 
pass through the aperture 28. This force, once applied, is great enough to cause the 
plimger device 22 to force the caimula through the exit port 18 of the first wall 14 and 
into the skin of the patient, such as is shown in Figure 3B. 

The head 32 of plunger device 22 is formed such that when the plxmger device is 
in the deployed stage, or second position, such as shown in Figure 3B, a peripheral edge 
26 of the head portion 32 is disposed relative to the housing 12 so as to expose an 
xmderside of the head 32 along the edge 26 for facilitating the removal of the plunger 
device 22 by prying the plunger device 22 away firom the housing 12 upon the 
application of pressure to the underside of the head portion 32. Caimula engagement 
portion 34 of the plunger device 22 is constructed to enable the plunger to force the 
cannula through the exit port 18 and into the skin of the patient, while allowing the 
plimger device 22 to be removed firom the housing 12 such as is shown in Figure 3C, and 
allowing the cannula 20 to remain in the deployed position shown in Figure 3C. Once 
the caimula 20 is deployed into the skin of the patient, fluid delivery may be conmienced. 

Referring now to Figures 4A and 4B, a second embodiment 50 of the present 

invention includes a housing 52 including a caimula 54 having a penetrating member 56 

at a distal end thereof Fluid delivery device 50 further includes a discrete injection 

actuator device 60. As shown in Figure 4A, housing 52 includes an exit port 64 disposed 

to enable the cannula 54 to be deployed therethrough, and an actuator port 66 disposed 

opposite the exit port 64. Injection actuator 60 includes a plunger device 70, including a 

body portion 72, a head portion 74, a cannula engagement portion 75, a lateral protrusion 

76 extending fi*om the body portion 72 proximate the head portion 74 and a reset knob 

78. Plimger device 70 is contained within a secondary housing 80 along with a spring 82 
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which is in a compressed state when the plunger device 70 is in the predeployment 
position shown in Figure 4A. Referring now to Figure 4C, which is a more detailed view 
of the injection actuator 60, the operation of device 50 will be described. As is shown in 
Figure 4C, actuator 60 includes a latch mechanism 84 including a latch 86 and a 
deployment lever 88. Latch 86 is spring biased such that protrusion 76 is in contact with 
latch 86, thereby preventing the plunger device 70 from deplojdng. Deployment lever 88 
includes a first end 90 in contact with latch 86 aad a second end 92 which is extemal to 
the housing 80. Deployment lever 94 further includes a pivot point 94 at which it is 
attached to the housing 80, the pivot point 94 enabling the first end 90 of the lever 88 to 
move in an opposite direction of the second end 92 of the lever 88 when a force is 
applied to the second end 92 of lever 88 in the direction of arrow 96. Such a force, when 
applied to the second end 92 of the lever 88 causes the first end 90 of the lever 88 to 
move in a direction opposite that shown by arrow 96, causing latch 86 to be driven away 
from the body portion 72 of the plunger device 70, thereby releasing protrusion 76. 
Once protrusion 76 is released, energy stored in spring 82 is released, causing plunger 70 
to be driven in the direction shown by arrow 98. 

Referring back to figures 4A and 4B, prior to deployment, the injection actuator 
60 is inserted into aperture 66 of housing 52 such that the cannula engagement portion 75 
of plunger device 70 is in contact with the cannula 54 while the plunger device 70 is 
frictionally engaged with sidewalls 102, 104 of housing 52, thereby holding actuator 60 
in place relative to the housing 52. Upon actuating the actuator 60 by applying the force 
to the second end 92 of lever 88, thereby releasing latch 86 from protrusion 76, plunger 
device 70 appUes a force in the direction of arrow 98 to the caimula 54, thereby driving 
the cannula through the exit port 64 into the skin of the patient, as shown in Figure 4B. 
At this point, the actuator 60 may be removed from the housing 52 and the reset knob 78 
may be pushed in a direction opposite that shown by arrow 98 causing the latch 86 to 
agahi engage protrusion 76 with the aid of ramp 106 of protrusion 76, which urges latch 
86 away from protrusion 76 while the plxmger device 70 is pushed back into the 
predeployment position shown in Figure 4C. 

Fig. 4D shows an alternative embodiment 50a of the fluid delivery device 50, in 

which actuator 60a, includes, in addition to the elements described with reference to 

Figs. 4A-4C, the fluid delivery device electronics and wireless receiver, which enables 

the primary housing 52a to have a smaller size and to enable the overall cost of fluid 
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delivery device 50a to be greatly reduced. The actuator 60a is attached to the housing 
52a for deployment of the cannula into the skin of the patient, and can be removed for 
use with another fluid delivery device. Other disposable aad semi-reusable 
configurations of the multiple housings are disclosed in copending and commonly- 
owned U.S. Serial Number 10/081,394, filed February 22, 2002 and entitled MODULAR 
INFUSION DEVICE AND METHOD. Referring now to Figures 5A and 5B, a 
further embodiment 1 1 0 of the present invention will be described. Fluid delivering 
device 110 includes a housing 112 having an exit port 114 through which cannula 1 16 is 
driven upon actuation of plunger device 118, which is one part of injection actuator 120. 
Plunger device 118 includes a body portion 122 having a head portion 124 at a first end 
thereof and a cannula engagement portion 126 at a second end thereof, the cannula 
engagement portion 126 being fiictionally engaged with caimula 116 when the actuator 
120 is in the predeployment stage shown in Figure 5 A. Actuator 120 finther includes a 
bias spring coupled between the head portion 124 of plunger device 118 and a wall of the 
housing 112 opposite the head portion 124. As shown in the figures, plxmger device 118 
is fiictionally engaged between walls 136 and 138 of actuator 120. Wall 138 includes a 
protrusion 130 which engages head portion 124 of plunger device 1 18 so as to prevent 
plunger device 118 firom being driven in the direction shown by arrow 140 under the 
force of spring 128. Actuator 120 further includes an urging device 132 extending 
inwardly from a wall of the housing 112 and in contact with the head portion 124 of 
plunger device 118. 

In this embodiment, at least the wall portion 131 of housing 1 12 proximate 
urging device 132 is constructed of a deformable material, such that upon the application 
of a force to the wall portion 131 to which the urging device 132 is coupled, the force 
being in the direction shown by arrow 142, urging device 132 appUes a similar force in 
the direction of arrow 142 to the head portion 124 of plunger device 118, thereby urging 
the head portion 124 away fi-om the protrusion 130 and enabling spring 128 to 
deenergize, thereby driving the plxmger device 118 and the cannula 1 16 in the direction 
shown by arrow 140, causing the penetrating member 144 to be driven into the skin of 
the patient as shown in Figure 5B. 

Figure 6 shows a further embodiment 150 of the present invention. Fluid 

delivery device 150 includes a housing 152 and actuator 153, which is similar to the 

actuator 120 described with reference to Figures 5 A and 5B. Accordingly, elements of 
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actuator 153 which are the same as elements of actuator 120 will be described using the 
same reference numerals used in Figures 5A and 5B. As shown in Figure 6, actuator 153 
includes plunger device 118 including a head portion 124 and a cannula engagement 
portion 126. Plunger device 1 18 is frictionally engaged between walls 136 and 138, and 
wall 138 includes protrusion 130 which engages head portion 124 of plunger device 118 
to prevent plunger device 118 from being driven in the direction shown by arrow 140 by 
biasing spring 128 which, as shown in Figure 6, is in its compressed, energized state. 
Actuator 153 includes a lever 154 having a first end 155 in contact with the head portion 
124 of plunger device 118 and a second end 156 which is in contact with a deformable 
portion 160 of wall 162 of housing 152. Lever 154 is pivotally attached to the housing 
152 at a pivot point 158, such that when a force is applied to deformable portion 160 of 
housing 152 in the direction shown by arrow 140, first end 155 of lever 154 urges head 
portion 124 of plunger device 118 away from protrusion 130 of wall 138, thereby 
enabling biasing spring 128 to drive plxmger device 1 18 in the direction of arrow 140, 
thereby driving the cannula 116 through exit port 114 and into the skin of the patient. 

Figure 7A shows another embodiment 170 of the present invention including a 
housing 172 and an injection actuator 174 shown in Figure 7B. As shown in the figures, 
fluid delivery device 170 includes a cannula 175 which is disposed between two walls 
176 and 178 of housing 172. Injection actuator 174 includes a pull tab 180 which is 
coupled to an urging device 184 by a connection element 182. Urging device 184 has a 
width which is wider than the distance between walls 176 and 178, thereby preventing 
urging device 184 from entering or becoming lodged between walls 176 and 178. When 
pull tab 180 is pulled in the direction of the arrow shown at 190, connection device 182 
pulls urging device 184 along the outer ramped portion 191 of walls 176 and 178, 
causing the cannula 175, which initially rides between the walls 176 and 178, to be 
driven in the direction shown by arrow 192, Figure 7D, through the exit port (not shown) 
and into the skin of the patient. 

Figure 8A-8E show yet another embodiment 200 of the fluid delivery device in 

accordance with the present invention. Device 200 includes a housing 202 and a pull tab 

which is shown as a flat strip 204a in Figure 8 A and as a ring in 204b in Figure 8B. It 

will be understood that any type of pull tab may be used in connection with the current 

invention in order to deploy the cannula as described herein. Device 200 ftirther includes 

a cannula 206 having a distal end including a penetrating member for piercing the skin of 
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the patient upon activation of the device 200, a coil compression spring 208, which 

biases the cannula 206 in the position shown in Figure 8B and a leaf spring 210 which is 

affixed to the housing at a first end and which has a second end in contact with the 

cannula 206, the leaf spring 210 being biased to apply a force to the cannula 206 in the 

direction of arrow 214. Pull tab 204B includes an extension member 212 which, as 

shown in Figure SB in its initial state holds the leaf spring 210 in the position shown in 

Figure SB thereby maintaining cannula 206 in its first position shown under the bias 

force of spring 20S. In order to activate the injection of the cannula into the skin of the 

patient, pull tab 204B is pulled in the direction indicated by arrow 220, causing extension 

member 212 to release leaf spring 210, causing the leaf spring to release its energy and 

drive the cannula in the direction of arrow 214 resulting in the penetrating member 205 

of cannula 206 being driven into the skin of the patient- Leaf spring 210 has a biasing 

force which is greater than the biasing force of coil spring 208 such that leaf spring 210 

is able to drive the cannula 206 in the direction of arrow 214 while compressing spring 

208. As shown in Figure 8D, when cannula 206 is fiiUy inserted into the skin of the 

patient, coil spring 208 is fiiUy compressed. At this point, leaf spring 210 reaches the 

end of its travel and, because the length of the leaf spring 210 is less than the distance 

between the first end of the leaf spring and the former cormection point between the 

second end of the leaf spring and the, the leaf spring to loses contact with the cannula 

206. The release of the cannula 206 by leaf spring 210 causes spring 208 to release its 

energy resulting in the cannula 206 being driven in a direction opposite arrow 214 back 

to the first position. This embodiment is usefixl in applications which will be described 

in fiirther detail below in which a sofl: flexible cannula is disposed about the rigid 

cannula 206 such that when the rigid cannula 206 is forced back into its first position by 

coil spring 208, the flexible cannula remains within the skin of the patient. 

Referring now to Figure 9A-9C, a fiirther embodiment 230 of the present 

invention will be described. Fluid deUvery device 230 includes a housing 232 having an 

exit port 236. Cannula 234 is enclosed within the housing 232 in the first position shown 

in Fig. 9A and in the inset 238 shown in Fig. 9B. Fluid delivery device 230 fiirfher 

includes a rod 240 which is attached to the housing 232 at a pivot point 242 and which is 

attached to the cannula 234 along its length at 244. An injection actuation device 

includes a latch mechanism 246 having a latch 248 which contacts the end 249 of rod 

240 for maintaining the rod 240 in the first position shown in Fig. 9A. A biasing spring 
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is coupled between rod 240 and the housing 232. Biasing spring 250 is in a compressed, 

energized state when ttie rod 240 is in the first position, and thus forces the rod against 

latch 248. Latch mechanism 246 further includes an electrically driven latch actuator 

252 which, upon the application of an electrical charge to the latch actuator 252, causes 

the latch 248 to be moved away firom end 249 of rod 240, resulting in the rod 240 and 

cannula 234 being driven in the direction of arrow 254 under the biasing force of spring 

250 to the second position shown in Fig. 9C. Latch actuator 252 receives the electrical 

charge based on command signals from the local processor, preferably initiated by 

instructions from the remote processor as described above, hi the preferred embodiment, 

latch actuator 252 is a shape memory alloy or polymer which contracts under the 

influence of an electrical charge. However, other devices may be utilized for the latch 

actuator 252, such as a piezo electric actuator and a solenoid. 

Fig. 10 shows another embodiment 262 of the present invention. Fluid deUvery 

device 260 includes a housing 262, exit port 263 and cannula 264. In this embodiment, 

cannula 264 is constructed of a semi-rigid material which enables it to flex as it id driven 

from the housing 263. Housing 262 includes a cannula guide portion 267 which deflects 

the cannula 264 from the orientation shown with respect to the housing 262 by 

approximately 15 to 90 degrees as the cannula 264 passes through the exit port 263. As 

shown in Fig. 10, the main body portion of the cannula 264 is disposed substantially 

parallel to the first wall 265 of the housing 262. Device 260 ftirther includes a latch 

assembly 266 including a latch 275 and a biasing spring 268 coupled between a first 

protrusion 269 of housing 262 and a flange 270 of cannula 264. hi the predeployment 

state shown in Fig. 10, biasing spring 268 is in a compressed, energized state, which 

maintains the flange 270 of cannula 264 in contact with the latch 275. Latch assembly 

266 may include a manual activation device, such as described with reference to Fig. 4A, 

or an electrical activation device, such as described with reference to Fig. 9A. In either 

case, upon activation of the latch mechanism 266, latch 275 is moved out of contact with 

the flange 270, causing biasing spring 268 to release its energy and drive cannula 264 

through exit port 263 and into the skin of the patient. As the biasing spring 268 is 

deenergized, the main body portion of the cannula 264 travels in the direction indicated 

by arrow 272, while distal end 274 of the cannula is directed toward first wall 265 by 

cannula guide portion 267 of housing 262. As set forth above, cannula guide portion 267 

translates the substantially parallel (to first wall 265) motion of cannula 264 to a 
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direction approximately 15 to 90 degrees relative to the parallel motion to cause the 
distal end 274 of camula 264 to be directed out of the housing 262 through exit port 263. 
While the cannula guide portion 267 of Fig. 10 is shown as a curved channel for 
deflecting the cannula while guiding it out of the housing 260, it will be understood that 
it could be in the form of one or more angled planar deflecting surfaces or any suitable 
combination of guiding components. Furthermore, while, in the preferred embodiment, 
the cannula may be deflected 15 to 90 degrees relative to the initial parallel motion, it 
will be understood that the cannula guide portion of the fluid delivery device may be 
constructed to deflect the cannula to an angle less than 15 degrees or more than 90 
degrees relative to the initial parallel motion. In many applications of the fluid delivery 
device of the present invention, it is preferred to deliver the fluid from the device to the 
patient via a flexible cannula which is inserted into the skin of the patient. The flexible 
cannula is more comfortable when maintained in the skin of the patient than a rigid 
needle, particularly in the case of an active patient whose movements may cause 
discomfort or pain with a rigid cannula in place in the patient's skin. However, because 
the flexible cannula cannot be injected into the skin by itself, the flexible cannula is 
mated with a rigid cannula to facilitate the injection of the flexible cannula into the skin 
of the patient. 

The following fluid delivery devices include both a rigid or semirigid cannula 
having a sharpened penetrating member coupled with a flexible cannula, which may be 
constructed from medical grade silicone, PVC or other suitable materials. In these 
embodiments, the rigid cannula is disposed within the lumen of the flexible caimula. 
The rigid cannula may be hollow, for delivering the fluid therethrough, or it may be 
solid, wherein the fluid is delivered aroxmd the rigid cannula through the Iximen of the 
flexible cannula. 

Li these embodiments, the penetrating member of the rigid cannula is first driven 

into the skin of the patient and the flexible caimula follows the rigid cannula into the skin 

after the skin has been punctured by the penetrating member. The penetrating member 

of the rigid cannula is then retracted into the flexible cannula so that the flexible cannula 

acts as a cushion between the patient and the penetrating member. The penetrating 

member may be retracted to its original position within the housing, to a position 

between its original position and its deployed position, or to a position ftirther away from 

its deployed position than its original position. The position of the rigid cannula between 
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the original position and the deployed position is preferred because the rigid cannula 
helps to prevent any kinking that may occur in the flexible cannula between the housing 
and the patient's skin. 

In order to insure that then flexible cannula does not retract along with the rigid 
cannula, a retention device may be built into either the flexible cannula or the exit port 
to retain the flexible caimula in its fully deployed position when the rigid cannula is 
retracted. An example of an embodiment wherein the flexible cannula includes a 
retention device is shown in Figs. 11 A- 11 C. In these figures, only the relevant portions 
of the fluid delivery device pertaining to the retention device are shown. 

Fig. 1 1 A shows a flexible cannula 280 and a rigid cannula 282 disposed within 
the lumen of the flexible cannula 280. As shown in Fig. 1 lA, penetrating member 285 is 
disposed proximate exit port 286 of first wall 284. As shown, exit port 286 is tapered 
outwardly of the fluid delivery device. In this embodiment, flexible cannula 280 
includes retention device 288, which, in this embodiment, is in the form of an annular 
ridge. When the rigid cannula 282 and the flexible caimula 280 are driven through the 
exit port 286, the retention member 288 is also driven through the exit port 286. As can 
be seen in the figures, retention device 288 causes the flexible cannula 280 to have a 
width which is greater than the width of the exit port 286. When the rigid cannula 282 is 
retracted in the direction indicated by arrow 290, Fig. 1 IC, the flexible cannula 280 is 
prevented from retracting with the rigid cannula 282 because the retention device 288 
comes into contact with the exit port 286, causing the flexible cannula to be retained in 
the deployed position shown in Fig. 1 IC. As set forth above, the rigid cannula 282 may 
be retracted back to its original predeployment position, as shown in Fig. 1 IC. 
Altematively, it may be retracted to a position between the deployed position and the 
predeployment position or to a position further away from the deployed position than the 
predeployment position. 

Altematively, the retention device may include one or more barbs located on the 
flexible caimula, one or more barbs located directly within the exit port or one or more 
barbs located on both the flexible cannula and the exit port. 

Figs. 12A and 12B show a further embodiment 300 of the present invention. 

Fluid delivery device 300 includes a housing 302, cannula assembly 304, injection 

actuator 306 and exit port 308. Injection actuator 306 includes a plunger device 310 

having a body portion 312, a deployment knob 314 and a cannula engagement portion 

38 



wo 03/090509 



PCT/US03/12370 



316. A biasing spring 320 is coupled between the body portion 312 and the housing 302. 
In the predeployment stage shown in Fig. 12A, the biasing spring is in an xmenergized 
state. Although not explicitly shown in Fig. 12A, cannula assembly 304 includes a rigid 
cannula disposed within the lumen of flexible cannula 321 . Flexible cannula 321 
includes a bellows portion 318 which enables the distal end 322 of the flexible cannula to 
extend from the housing independent of the rest of the flexible cannula 321. In the 
predeployment stage shown in Fig. 12 A, the bellows portion is compressed and the distal 
end 322 of flexible cannula 321 is within the housing 302. 

Deployment of the flexible cannula into the patient's skin takes place as follows. 
After the housing is attached to the patient, the patient or other person pushes knob 3 14 
of injection actuator 306 in the direction indicated by arrow 324. This causes the 
cannula assembly 304 to be driven into the skin of the patient through exit port 308, as 
described above with reference to Figs. 1 1 A-1 IC. Once the plunger device 310 has 
reached the end of its travel and both the rigid cannula and the flexible cannula 321 have 
been injected into the skin of the person, biasing spring 320 is extended and energized 
such that when the knob 314 is released, biasing spring 320 deenergizes, causing the 
cannula assembly 304 to be retracted into the housing 302. However, because of the 
retention device disposed either on the flexible cannula or within the exit port 308, the 
distal end 322 of the flexible cannula 321 is retained in the deployed position shown in 
Fig. 12B and the bellows portion 318 is fully expanded, which enables the rigid cannula 
to be retracted without also retracting the distal end 322 of the flexible cannula 321. 
Depending on the particular design of the fluid delivery device, in the deployed position, 
the rigid cannula may be retracted to a position that is the same as its predeployment 
position, to a position that is between the predeployment position and the deployment 
position, or to a position that is further away from the deployment position than the 
predeployment position. 

Figs. 13A-13C show a further embodiment 350 of the present invention. Fluid 

delivery device 350 includes a housing 352 having an exit port 358 in first wall 360, a 

cannula assembly including a flexible cannula 354 having a bellows portion 356 and 

retention device 357 and a rigid cannula (not visible) disposed within the lumen of the 

flexible cannula 354 and an injection actuator 362. Injection actuator 362 includes a 

plimger device 364 including a body portion 366, a cannula engagement portion 368 and 

a lateral protrusion 370. Injection actuator 362 further includes deployment latch 
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mechanism 372 and retraction latch mechanism 374. Retraction latch mechanism 372 
includes a latch 376 for maintaining a deployment member 378 in a predeployment 
position against the bias force of deployment spring 380. Deployment latch mechanism 
372 further includes an activation device 382, which is preferably in the form of a shape 
memory alloy or polymer, as described above. Retraction latch mechanism 374 includes 
a latch 384 for maintaining a retraction member 384 in a predeployment position against 
the bias force of retraction spring 388. Retraction latch mechanism 374 further includes 
an activation device 390, which is preferably in the form of a shape memory alloy or 
polymer. 

As shown in Fig. 13B, upon the application of a charge to activation device 382, 
latch 376 is pulled out of contact with deployment member 378, causing deployment 
spring 380 to release its energy as it pushes deployment member 378 against lateral 
protrusion 370, thereby forcing plunger device 364 into the deployment position. Li the 
deployment position, shown in Fig. 13B, both the flexible caimula 354 and the rigid 
cannula, including penetrating member 392, are injected into the skin of the person. In 
this position, retention device 357 is either driven beyond the exit port 358 or is lodged 
within exit port 258. 

Shortly after the cannula reaches the deployment position shown in Fig. 13B, a 
charge is applied to activation device 382 of retraction latch mechanism 374 and latch 
384 is pulled out of contact with retraction member 384, causing retraction spring 388 to 
release its energy as it pushes deployment member 378 against lateral protrusion 370, 
thereby forcing plunger device 364 from the deployment position to the post-deployment 
position shown in Fig. 13C. Retention device 357 maintains the flexible caimula 354 in 
the deployment position, such that, in the post-deployment position, shown in Fig. 13C, 
the bellows portion 356 of the flexible cannula 354 is extended and the rigid cannula is 
retracted to its predeployment position. 

As is shown in Fig. 13C, bellows portion 356, by expanding, enables the rigid 
cannula to be retracted while alloAving the flexible cannula to remain in place. 
Accordingly, in alternative embodiments, bellows portion 356 maybe replaced by any 
type of construction that will enable the rigid penetrator to be retracted without 
jeopardizing the position of the flexible cannula in the post-deployment position. One 
example of such a constmction is a sUdiag joint between the outside diameter of the rigid 
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catmula and the inside diameter of the flexible cannula. Other constructions will be 
apparent to those skilled in the art. 

Figs. 14A-14D show an embodiment 400 which is similar to the device 
350 of Figs. 13A-13C, but in which the retraction latch mechanism is activated 
automatically and therefore does not require the second activation device. Accordingly, 
elements of this embodiment which are the same as the fluid delivery device 350 of Figs. 
13A-13C, are referenced with the same reference numerals used in connection with the 
description of fluid delivery device 350. Fluid delivery device 400 includes a housing 
352 having an exit port 358 in first wall 360, a cannula assembly including a flexible 
cannula 354 having a bellows portion 356 and retention device 357 and a rigid cannula 
(not visible) disposed within the lumen of the flexible cannula 354 and an injection 
actuator 362. Injection actuator 362 includes a plunger device 364 including a body 
portion 366, a cannula engagement portion 368 and a lateral protrusion 370. Injection 
actuator 362 further includes deployment latch mechanism 372 and retraction latch 
mechanism 402. Retraction latch mechanism 372 includes a latch 376 for maintaining a 
deployment member 378 in a predeployment position against the bias force of 
deployment spring 380. Deployment latch mechanism 372 further includes an activation 
device 382, which is preferably in the form of a shape memory alloy or polymer, as 
described above. Retraction latch mechanism 402 includes a latch 404 for maintaining a 
retraction member 406 in a predeployment position against the bias force of retraction 
spring 408. Retraction latch mechanism 402 further includes a latch spring 410, for 
biasing latch 404 in the position shown in Fig. 14 A, wherein latch 404 contacts retraction 
member 406. 

As shown in Fig. 14B, upon the application of a charge to activation device 382, 
latch 376 is pulled out of contact with deployment member 378, causing deployment 
spring 380 to release its energy as it pushes deployment member 378 against lateral 
protrusion 370, thereby forcing plimger device 364 into the deployment position. In tiie 
deployment position, shown in Fig. 13B, both the flexible cannula 354 and the rigid 
cannula, including penetrating member 392, are injected into the skin of the person. In 
this position, retention device 357 is either driven beyond the exit port 358 or is lodged 
within exit port 258. 

Fig. 14C shows detailed portion 412 of Fig. 14B. As shown in Fig. 14C, lateral 

protrusion 370 of plunger device 364 includes a ramp portion 414 positioned thereon 
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such that, when the plunger device 364 reaches the deployment position shown in Fig. 
14B, ramp portion 414 urges latch 404 out of contact with retraction member 406, 
thereby enabling retraction spring 408 to deenergize and retract the plunger device to the 
post-deployment position shown in Fig. 14D. Retention device 357 maintains the 
flexible cannula 354 in the deployment position, such that, in the post-deployment 
position, shown in Fig. 14D, the bellows portion 356 of the flexible cannula 354 is 
extended and the rigid cannula is retracted to its predeployment position. 

Again, altemative constructions of the bellows portion that will enable the rigid 
penetrator to be retracted without jeopardizing the position of the flexible cannula in the 
post-deployment position, such as the sliding joint, may be utilized in these 
embodiments. Other constructions will be apparent to those skilled in the art. 

Fig. 15 shows yet another embodiment 420 of the present invention. In 
connection with this embodiment, and the several embodiments that follow, only the 
injection actuator and cannula assembly are shown and described. It will be understood 
that the injection actuator and cannula assembly described in connection with these 
embodiments will be housed in a housing similar to those previously described. Cannula 
assembly 422 includes a flexible cannula 424 having a bellows portion 426 and a 
retention device 428. A rigid cannula having a penetrating member 430 is disposed 
within the lumen of the flexible cannula 424. Injection actuator 432 includes a driving 
mechanism 434 for driving axle 436 which is coupled to urging device 438. Driving 
mechanism 434 may comprise a motor, spring or any device that is capable of causing 
axle 436 to rotate at least one revolution. In this embodiment, urging device 438 is in the 
form of a disk and axle 436 is coupled thereto at a point offset from the center of the 
disk. When the driving mechanism 434 is activated and causes the axle 436 to rotate, the 
portion of urging device 438 opposite the axle 436 pushes the cannula assembly 422 to 
the deployment position described above. In the preferred embodiment, the cannula 
assembly 422 is biased in the predeployment position shown in Fig. 15 such that, afl;er 
the urging device pushes the cannula assembly 422 into the deployment position and 
continues to rotate, the cannula assembly returns to the predeployment position under the 
force of the biasing means coupled to the assembly. As described above, the bellows 
portion 426 and retention device 428 enable the flexible cannula 422 to remain in the 
deployed position while the rigid cannula and penetrating member 430 are retracted. 
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Fig. 16 shows an embodiment 440 which is similar to the device 420 of Fig. 15. 
However, urging member 442 includes a retention device 444 for retaining the caimula 
assembly in contact with the urging device 442. Rather than rotating the axle a complete 
revolution, driving mechanism 446, which may be a prewound spring, as shown, a 
bidirectional motor, or other driving means, rotates the urging member one quarter turn 
in the direction indicated by arrow 448, to drive the cannula assembly to the deployment 
position, and one quarter tum in the direction opposite that indicated by arrow 448, to 
retract the cannula assembly to the post-deployment position. As described above, the 
bellows portion 426 and retention device 428 enable the flexible cannula 422 to remain 
in the deployed position while the rigid cannula and penetrating member 430 are 
retracted. 

Figs. 17A and 17B show an embodiment 450 which includes a driving 
mechanism 452 which is coupled to a force translator 454 which in tum is coupled to 
cannula assembly 456. In the preferred embodiment, driving mechanism 452 includes a 
torsion spring which is energized before protrusion 460 of lever arm 462 is inserted into 
slot 464 of force translator 454. Fig. 17B is a side view of the embodiment 450 in such a 
configuration. When the torsion spring 458 is released, it lever arm 462 and protrusion 
460 to rotate in the direction indicated by arrow 466, causing protrusion 460 to drive the 
force translator 454 and cannula assembly 456 in the direction indicated by arrow 468 
during the first 45 degrees of rotation, thereby injecting the rigid cannula and flexible 
cannula into the skin of the person, and then to drive the force translator 454 and cannula 
assembly 456 in the direction opposite that indicated by arrow 468 during the second 45 
degrees of rotation, thereby retracting the rigid caimula. The flexible cannula maintains 
its deployment position with the aid of the bellows portion and the retention device. 

Fig- 18 shows another embodiment 470 of the invention including an urging 

device 472 which is coupled to a portion 474 of the housing of the associated fluid 

delivery device by a spring 476. Cannula assembly 478 includes a flexible cannula 

havmg a bellows portion 480 and preferably a retention device 482. A rigid cannula is 

disposed within the lumen of the flexible camiula. Cannula assembly 478 includes a 

protrusion 484, which may comprise a bend in the rigid and flexible cannulas, as shown 

in the figure, or a ramp portion mounted on the cannula assembly. In the predeployment 

position shovra in Fig. 18 A, the spring 476 is maintained in an energized state by a latch 

assembly (not shown) such that the urging device 472 is positioned one side of the 
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protrusion 472. Upon deenergization of the spring 476, the urging device 472 is driven 
in the direction indicated by arrow 486. Urging member 472 is constructed and mounted 
within the housing such that it is maintained in its plane of travel as the spring 476 is 
deenergized. Upon contacting protrusion 484, urging device 472 exerts a force thereon, 
causing caimula assembly 478 to be driven in the direction indicated by arrow 488 from 
the predeployment position to the deployed position. As the urging member 472 passes 
over the protrusion 484, the caimula assembly, which is biased in the predeployment 
position, travels in the direction opposite that indicated by arrow 488 from the deployed 
position to the predeployment position, as shown in Fig. 18C. The flexible cannula 
maintains its deployment position with the aid of the bellows portion and the retention 
device. 

In further embodiments of the invention, in order to enable the flexible cannula to 
remain in the deployed position while retracting the rigid cannula, the end of the flexible 
cannula opposite the end that is injected into the person is constructed of a sealing 
portion which forms a fluid seal with the rigid cannula that allows the flexible cannula to 
move within the flexible cannula while maintaining the fluid integrity of the fluid 
delivery device and while enabling the retention device to hold the flexible cannula in the 
deployed position. 

Figs. 19 and 20 show two embodiments that utilize this type of cannula assembly. 

Embodiment 490 of Fig. 19 includes a cannula assembly 492 having a rigid cannula 

within a flexible cannula. Both are mounted within a housing 494 of a fluid delivery 

device. The rigid cannula includes a head portion 496 which extends from the housing 

494. A return spring is mounted between the head portion 496 of the rigid caimula and 

liie wall 500 of housing 494 to bias the cannula assembly in the position shown in the 

figure, which is the predeployment position. An optional membrane 502 may be 

mounted over the cannula assembly to protect the integrity of the housing 494. In 

operation, the head portion of the cannula assembly is pushed in tihe direction indicated 

by arrow 503 to cause the flexible cannula and the penetrating member 504 of the rigid 

caimula to be driven out of exit port 506 and into the skin of the person. When the head 

portion 496 is released, spring 492 is deenergized, causing the rigid cannula to be driven 

in the direction opposite that indicated by arrow 503. However, the flexible caimula, 

with the aid of a retention device mounted thereon or on the exit port, is held in place in 

the deployed position while the rigid cannula is retracted. 
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Fig. 20 shows an embodiment 512 having a camiula assembly 514 disposed 
within a cannula guide 512, Injection actuator 516 includes a deployment spring 518 for 
driving the cammla assembly 514 through guide 512 in the direction indicated by arrow 
520 and a retraction spring 522, which is coupled between the housing (not shown) and 
the rigid cannula. When deployment spring 518 reaches the end of its travel, it loses 
contact with the cannula assembly 514 and retraction spring 522, which is now 
energized, deenergizes, causing the rigid cannula to be pulled in the direction opposite 
that indicated by arrow 520. A retention device associated with the fluid delivery device 
maintains the flexible camiula in the deployed position while the rigid cannula is 
retracted. 

Figs. 21 A-21D show an embodiment 530 including a secondary housing 532 
including a cannula assembly 534 and a deployment spring 536. La the predeployment 
position, spring 536 is compressed and energized, and held in this state by a latch 
mechanism (not shown). The flexible cannula 541 of the cannula assembly is housed 
within the housing 542 and the rigid cannula is inserted into the housing 542 and into 
flexible cannula 541 through a port 538 such that the penetrating member of the rigid 
cannula and the distal end of the flexible caimula are proximate exit port 540. Upon 
releasing the latch mechanism, deployment spring 536 deenergizes and drives the 
cannula assembly, including the flexible cannula 541, through the exit port 540 and into 
the skin of the person. This deployment position is shown in Fig. 2 IB. The secondary 
housing can then be removed from the housing 542 and discarded. Figs. 21C and 21D, or 
reloaded for the next use. 

Figs. 22A-22C shown yet another embodiment 544 of the injection actuator. 
This embodiment 544 includes a deployment spring 546 coupled between the cannula 
assembly 550 and the housing (not shown) and a retraction spring 548 in a preloaded 
state. Fig. 22A. When the deployment spring 546 is released, it drives the cannula 
assembly in the direction indicated by arrow 552 into the skin of the person. At the end 
of the travel of the deployment spring 546, cannula assembly 550 comes into contact 
with retraction spring 548 while deployment spring 546 loses contact with the caruiula 
assembly 550, Fig. 22B. Retraction spring 548 is then activated, thereby driving caimula 
assembly 550 in the direction opposite that indicated by arrow 552 to retract the rigid 
cannula. Fig. 22C, while the flexible cannula remains in the deployed position. 
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Figs. 23 A-23H show another embodiment 560 of the present invention. Fluid 
delivery device 560 includes a housing 562, an injection actuator 564 and a cannula 
assembly 566, Fig. 23A. As shown in Fig. 23B, injection actuator 564 includes an 
activation tab 568 having a deployment protrusion 570 and a retraction protrusion 572. 
A deployment spring, which is not visible in Fig. 23B, is disposed within a retraction 
spring 574 such that a longitudinal axis of the deployment spring coincides with a 
longitudinal axis of the retraction spring 574. Cannula assembly 566 includes a rigid 
cannula 576 coupled at a proximate end thereof to a head portion 578. A flexible 
cannula 580 is disposed on the rigid cannula 576 and includes a sliding seal portion 
which, as described above, enables the rigid cannula 576 to move relative to the flexible 
caimula while maintaining a fluid seal therebetween. The deployment spring and 
retraction spring 574 are coupled together at their ends proximate the retraction 
protrusion 572. The other, distal end of retraction spring 574 is prevented firom moving 
toward the cannula assembly by a retaining member (not shown). Altematively, in place 
of the sliding seal portion, flexible camiula 580 may include a bellows portion, as 
described above, for enabling the rigid cannula 576 to be retracted independent of the 
flexible caimula 580. Other embodiments that will enable independent movement 
between the rigid and flexible cannulas will be apparent to those skilled in the art. 

The operation of fluid delivery device 560 begins when tab 568 is pulled in the 
direction indicated by arrow 584. Since deployment protrusion 570 is shorter than 
retraction protrusion 572, deployment spring 586, Fig. 23D, which was held in an 
energized state by the deployment protrusion 570, is allowed to deenergize and drive the 
head portion 578 of caimula assembly 566 in the direction indicated by arrow 588. This 
causes the head portion 578 to drive the rigid and flexible cannulas through the exit port 
of the housing 562 and into the skin of the person. 

The difference in length between the deployment protrusion 570 and the 

retraction protrusion 572 is such that the deployment spring 586 is allowed to 

substantially fully deenergize before the retraction spring 574 is released by retraction 

protrusion 572. When retraction spring 574 is released by the retraction protrusion 572, 

Figs. 23F-23G, retraction spring 574 deenergizes by exerting a force on the end of 

deployment spring 586 to which it is coupled. The presence of the retaining member 

causes the retraction spring to drive the head portion 578 and rigid cannula 576 in the 

direction opposite that indicated by arrow 588. As shown in Fig. 23H, after both the 
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deployment spring 586 and retraction spring 574 have both been deenergized as 
described above, flie flexible cannula 580 is injected mto the skin of the person and the 
rigid cannula 576 and its penetrating member are retracted within the flexible cannula 
580 to a position which may be anywhere between the deployed position of the flexible 
cannula 580 and the predeployed position shown in Fig. 23B. Alternatively, the rigid 
cannula 576 may be retracted to a position which is further away from the deployed 
position than the predeployment position. Flexible cannula 580 is held in the 
deployment position by the retention device, which may be one or more barbs disposed 
on either or both of the flexible cannula 580 and the exit port, as described below. 

Altematively, the retention device may include an interference member with 
which the sealing portion 582 of the flexible cannula comes into contact when the 
flexible cannula reaches the deployed position, wherein the interference member 
maintains the flexible cannula 580 in the deployed position when the rigid cannula 576 is 
retracted. Such a configuration is shown in Fig. 24, which depicts the deployment spring 
586, head portion 578 and flexible cannula 580. As the cannula assembly 566 reaches 
the deployed position, interference member 590 contacts the sealing portion 582 of 
flexible cannula, thereby retaining the flexible cannula 580 in the deployed position 
while the rigid caimula 576 and head portion 578 are retracted. 

Figs. 25A-25E show another embodiment 600 of the present invention. Fluid 

delivery device 600 includes a housing 602, an injection actuator 604 and a cannula 

assembly 606. Injection actuator 604 includes a cam follower assembly having a cam 

portion 608 and follower portion 610. Cannula assembly 606 includes a rigid cannula 

614 disposed within a flexible cannula 612, both of which being disposed within a sleeve 

616 along which cam follower portion 610 travels. Sleeve 616 is mounted to housing 

602 at a pivot 618 and is biased toward the first wall 620. Injection actuator 604 further 

includes a spring 622 which is mounted between pivot 618 and cam follower 610. In the 

predeployment position shown in Fig. 25A and 25B, cam follower 610 is disposed on 

first ramp portion 624 of injection actuator device 604 and maintained in the position 

shown relative to the pivot 618 by a latch mechanism (not shown). In this position, 

spring 622 is in a compressed, energized state. Upon releasing the latch mechanism, 

spring 622 deenergizes and drives cam follower 610 along first ramp portion 624 and 

into cam portion 608, Fig. 25C. As cam follower portion slides into the cam, the cannula 

assembly 606 is driven toward first wall 620, out of the housing 602 through exit port 

47 



wo 03/090509 



PCT/US03/12370 



628 and into the skin of the person. Fig. 25D. As cam follower portion 610 continues to 
be driven by spring 622, it follows cam portion 608 up onto second ramp portion 626, 
which causes cannula assembly 606 to be lifted away from first wall 620, thereby 
retracting rigid cannula 604. Flexible cannula 612 is maintained in the deployed position 
shown in Fig. 25E, while rigid cannula 604 is retracted by the interference fit between 
the exit port 628 and a retraction prevention device (not shown), such as is described 
above. A bellows portion or sliding joint, both described above, may be utilized in 
connection with the flexible cannula to allow the rigid cannula to be retracted 
independently of the flexible cannula 

Figs. 26A-26E show yet another embodiment 640 of the present invention. Fluid 
delivery device 640 includes a housing 642, an injection actuator 604 and a cannula 
assembly 646, Fig. 26 A. Injection actuator 644 includes a deployment yoke 650, a 
spring 652 and a latch mechanism 654, Fig. 26B. Spring 652 is preferably a torsion 
spring having one end thereof mounted to the housing 642 and the other end mounted to 
the deployment yoke 650. Li the predeployment position shown in Fig. 26B, torsion 
spring 652 is maintained in an energized state by a latch mechanism 654. 

Cannula assembly 646 includes a rigid cannula 656 having a proximal end 
thereof coupled to the deployment yoke 650 and a flexible cannula 658 having a sealing 
portion 660 through which the rigid cannula 656 extends. Latch assembly 654 may be a 
mechanical latch or an electrically-activated latch formed, for example, from a shape 
memory alloy or polymer which contracts upon the application of an electrical charge 
thereto. 

Upon activation of the latch mechanism 654, spring 652 is released and begins to 
deenergize. As it deenergizes, it drives deployment yoke 650, along with cannula 
assembly 646 in the direction indicated by arrow 662. This causes the cannula assembly 
to be driven out from the housing 642 through exit port 664 and into the skin of the 
person. Fig. 26C. As the spring 652 continues to deenergize by rotating its end that is 
coupled to the yoke 650, after the rigid cannula 656 and flexible cannula 658 have been 
injected into the person, the spring 652 drives the yoke away from the exit port in the 
direction opposite that indicated by arrow 662, thereby retracting the rigid cannula 652, 
Fig. 26D. The flexible cannula 658 remains in the deployed position shown in Figs. 26D 
and 26E with the aid of a retention device such as described above. 
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Figs. llA-llJi show another embodiment 670 of the present invention. Fluid 
delivery device 670 includes a housing 672, a cannula assembly 674, a spring 676 and a 
latch mechanism 678. Fig. 27B is a cross-sectional view along line 1-1 of Fig. 27 A, 
which shows that housing 672 includes a cannula guide portion 684 which guides the 
cannula assembly 674 out of the housing 672 via exit port 686. Spring 676 is preferably 
a torsion spring having one end 680 coupled to the housing and the other end 682 
coupled to the cannula assembly 674. In the predeployment state shown in Fig. 27 A, 
spring 676 is energized and cannula assembly 674 is maintained in its predeployment 
position by latch mechanism 678. Upon releasing latch mechanism 678 by pulling it 
from the housing 672, spring 676 is allowed to deenergize and drive cannula assembly 
674 in the direction indicated by arrow 688 such that, with the aid of cannula guide 
portion 684, cannula assembly 674 is driven through exit port 686 and into the skin of 
the person. As shown in Fig. 27C, which is a cross-section view along line 2-2 of Fig. 
27 A, spring 676 is able to be mounted in a plane parallel to the skin of the person, which 
enables the size of the housing 672 to be reduced. Generally, the cannula assembly 674 
is constructed to enable it to follow the arc of travel of end 682 of spring 676 as it 
deenergizes. Fig. 27D shows the caimula assembly 674 injected into the skin of the 
person through exit port 686 and cannula guide portion 684. 

In the fluid delivery devices of the present invention, it may be desirable to be 
able to view the site where the rigid cannula or the rigid and flexible cannulas have 
entered the skin of the person in order to inspect the site for infection or other concerns. 
Accordingly the housing of a fluid delivery device of the present invention may be 
modified to provide a viewing area. Fig. 28 shows an embodiment 700 which includes a 
housing 702 having a contour portion 704 and a cannula assembly 706. Contour portion 
704 enables the cannula assembly 706 to be driven out of a side wall of the housing and 
into the skin of the person, while providing protection for the injection site on three sides 
thereof Fig. 29 shows an embodiment 710 which includes a housing 712 having a 
window portion 714 and a cannula assembly 716. Window portion 714 preferably is 
formed from a transparent material such as plastic, fits flush with the shape of the 
housing 712 and enables the person to view the injection site of the cannula assembly 
716. 
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It will be understood that most or all of the embodiments of the fluid deUvery 
device of the present invention which have been described herein may be used in 
connection with the housings 702 and 712 to provide a viewing area of the injection site. 

Fig. 30 shows another embodiment 720 including a plunger device 722 mounted 
A^dthin a housing 724. This embodiment operates similar to the embodiment described 
with reference to Figs. 3A-3C, wherein plunger device 722 includes a body portion 726, 
a head portion 728 and a cannula engagement portion 730 for engaging cannula 732. In 
the embodiment, however, plunger assembly is formed from a transparent material which 
enables the injection site to be seen therethrough. A spring 734 biases the plunger device 
722 against the injection site to provide a clear view of the site through the plimger 
device 722. In one embodiment, plunger device 722 is constructed in such a way that the 
view of the injection site is magnified when viewed through the head portion 758 of the 
plunger device 722. In another embodiment, a light source (not shown) may be directed 
at the plunger device 722 to illuminate the injection site. 

One advantage of the fluid delivery device of the present invention is that it 
requires only one small housing to be attached to the person. In contrast to prior art fluid 
delivery devices, which may have included multiple bulky parts, the present invention 
enables the person to be more active while wearing the fluid delivery device than would 
be the case with the prior art devices. However, it is important to maintain the cannula 
assembly in the proper deployed position throughout the period that the device is 
attached to the person, despite the movement and activity of the person. Since the fluid 
delivery devices of the present invention are typically attached to the abdominal area of 
the person, normal body motion and bending could cause a portion of the housing to flex 
away firom the skin. Over time, a cannula which is rigidly fixed Avith respect to the 
housing may have the tendency to creep out of the injection site, which may result in the 
cannula completely pulling out of the injection site, or in a flexible cannula developing 
enough slack to cause kinking in the cannula. Figures 31-34 show embodiments of the 
present invention which enable the housing of the fluid deUvery device to move 
independently of the camiula assembly, without affecting the position of the cannula 
within the person. 

Fig. 3 1 shows an embodiment 740 of the present invention that includes a 

housing 742 and a cannula assembly 744. Cannula assembly 744 preferably includes a 

flexible caimula which is attached to the first wall of the housing 742 with a tie-down 
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device 746. The cannula assembly is injected into the person in such a way that a loop 
748 is present between flie injection site and the tie-down 746. This loop provides the 
slack necessary to prevent any tugging on the portion of the cannula assembly injected 
into the person if the housing was to be moved away jfrom the injection site. 

Fig. 32 shows an embodiment 750 including a housing 752 and a cannula 
assembly 754 attached to a strut assembly 756 which is pivotally attached to the housing 
752 at point 758. Strut assembly 756 is biased toward the skin of the person, such that, 
upon any movement of the housing away from the skin, the stmt assembly 756 maintains 
the cannula assembly in the deployed position shown in the figure. 

Fig. 33 shows an embodiment 760 including a housing 762 and a cannula 
assembly 764 which is coupled to a floating member 766 which is biased against the skin 
of the person by spring 768. As the person moves, any the cannula assembly 764 and 
floating member 766 are maintained in contact with the skin, thus enabling the housing 
to move independently of the cannula assembly 764 in three dimensions, as shown by 
arrows 780 and 782. 

Fig. 34 shows an embodiment 770 including a housing 772 and a cannula 
assembly 774 which is coupled to a floating member 766 which is biased against the skin 
of the person by spring 768. hi this embodiment, the spring 778 is coupled between the 
cannula assembly 774 and the floating member 776 to enable the housing 772 to move 
independently of the cannula assembly in three dimensions. 

Figs 35A-B show an embodiment 800 which includes a housing 806 and a 
retraction mechanism 802 for retracting a cannula 804 when the fluid delivery device has 
completed the infusion and is ready to be removed from the skin of the patient. As 
shown in Fig. 35A, caimula 804 is injected into the skin of the person through an exit 
port of the fluid delivery device 800. Retraction mechanism 802 includes a retraction 
member 808 coupled to the cannula 804, a lever 810 coupled at one end to the retraction 
member 804 and at the other end to an actuator 812. Lever 810 is also coupled to a pivot 
point 814 of the housing 806. Actuator 812 preferably includes a shape memory alloy or 
polymer which contracts imder the influence of an electrical charge coupled between the 
lever 810 and a portion 816 of housing 806. However, other devices may be utilized for 
the actuator 812, such as a piezo electric actuator and a solenoid. 

Upon the application of an electrical charge to the actuator 812, by the local 

processor triggered by a conamand from the remote control or other means described 
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above, actuator contracts, causing lever 810 to pull retraction member 808 and 
consequently, cannula 804 away from the skin of the person, thus retracting the cannula 
804 from the skin of the person, as shown in Fig. 35B. This retraction mechanism 802 
may be combined with any of the fluid delivery devices described above having only 
injection mechanisms, to enable the device to both inject and retract the cannulas. 

Figs. 36A-36C show yet another embodiment 900 of the present invention. Fluid 
delivery device 900 includes a housing 902 for enclosing the electronics, control 
mechanism and fluid reservoir, as described above. Device 900 ftirther includes a 
caimula assembly 904. As shown in Fig. 3 6 A, which is a top view of the device 900, 
Fig. 36B, which is a side cutaway view of the device 900 as seen from hne 36B-36B of 
Fig. 36A and Fig. 36C, which is a side cutaway view of the device 900 as seen from line 
36C-36C of Fig. 36A, cannula assembly 904 includes three caimula devices, 905a, 905b 
and 905c, including cannulas 906a, 906b and 906c and injection actuators 908a, 908b 
and 908c, respectively. Injection and/or retraction actuators 908a-908c may be 
constructed according to any of the embodiments described above. Each cannula device 
905 includes a fluid path 910 that branches from a main fluid path 912 which delivers 
fluid from the reser\^oir 914 to each cannula 906. The injection actuators are activated 
individually for a predetermined period of time before the next injection actuator is 
activated. 

For example, in a case where the reservoir 914 is capable of containing nine days 

of the fluid medication, but, according to regulatory measures, a single cannula cannot be 

maintained in the skin of the person for more than three days, a fluid delivery device 

such as the embodiment 900 may be utilized as follows. In the predeployment state, all 

the cannula devices are retracted within the housing and are not actively connected to 

their respective fluid paths 910. After the housing has been attached to the skin of the 

person, one of the three caimula devices is activated. The activation may be effected by 

any of the activation devices described in this application. When a cannula device is 

activated and the cannula 906 is driven into the skin of the person, a valve (not shown) 

within the injection actuator is opened, thus enabling fluid to flow from the reservoir 914 

through the cannula to the person. At the end of the three day period, the person can 

retract the cannula, which shuts the valve, and activate a second cannula device, thereby 

enabling fluid to flow from the reservoir to the person through the second cannula 

device. This process is repeated until all of the cannula devices have been activated and 
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then retracted. Although not specifically shown, each cannula device includes a 
mechanism that prevents the activation of an injection actuator that has already been 
activated. It will be understood that, although three cannula devices are shown in Figs. 
36A-36Cj, any number of cannula devices may be included in the fluid delivery device 
900. 

Accordingly, the present invention provides a fluid delivery device that enables a 
person to conveniently and comfortably self-administer a drug regimen by allowing the 
person to maintain a constant flow of a fluid drug for a period of time without having to 
carry multiple pieces of equipment. The fluid delivery device of the present invention is 
inexpensive to manufacture and is either disposable or semi-disposable. 

The invention may be embodied in other specific forms without departing from 
the spirit or essential characteristics thereof. The present embodiments are therefore to 
be considered in respects as illustrative and not restrictive, the scope of the invention 
being indicated by the appended claims rather than by the foregoing description, and all 
changes which come within the meaning and range of the equivalency of the clauns are 
therefore intended to be embraced therein. 
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CLAIMS 

1 . A device for delivering fluid to a person comprising: 

a reservoir for containing a fluid to be delivered to the person; 

a fluid transport device for dispensing fluid from said reservoir to the person, said 
fluid transport device including a proximal end in fluid communication with said 
reservoir and a distal end having a penetrating member for piercing the skin of the person 
to facilitate the delivery of fluid to the person through the fluid transport device; 

a housing containing said reservoir and said fluid transport device, said housing 
including an exit port for receiving said distal end of said fluid transport device upon 
injection of said distal end into said person and means for securing a first wall of said 
housing to the skin of the person; and 

an injection activation device including a driving mechanism contacting said 
fluid transport device for driving said penetrating member from a first position within 
said housing, through said exit port to a second position, extemal to said housing and 
into the skin of said person. 

2. The device of claim 1 wherein said driving mechanism of said injection 
activation device comprises a plunger having a body portion extending through an 
aperture in a second wall of said housing and in factional contact with said distal end of 
said fluid transport device, such that the application of a longitudinal force to said 
plunger drives said penetrating member from said first position to said second position. 

3. The device of claim 3, said plunger including a friction member disposed 
on said body portion, said fiiction member causing said body portion of said plunger to 
have a width dimension which is slightly larger than a width dimension of said aperture 
of said housing, thus requiring a specific longitudinal force to be applied to said plunger 
to enable said fiiction member to pass through said aperture, said specific force being 
translated to said distal end of said fluid transport device, 

4. The device of claim 3 wherein said fiiction member is an annular flange. 
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5. The device of claim 3, said plunger furtiier comprising a head portion for 
stopping travel of said plunger by contacting said housing. 

6. The device of claim 5 wherein said plunger is removable from said 
housing after said penetrating member is driven to said second position. 

7. The device of claim 1 wherein said driving mechanism of said injection 
activation device comprises a plimger contained within said housing, said plunger having 
a first end including a lateral protrusion and a second end in fiictional contact with said 
distal end of said fluid transport device, said injection activation device ftirther including 
a biasing spring for biasing said plunger for driving said penetrating member from said 
first position to said second position, and said lateral protrusion being in contact with an 
intemal ridge of said housing, with said penetrating member in said first position, 
thereby preventing said plimger from driving said penetrating member from said first 
position to said second position; 

said housing including an actuator for urging said lateral protrusion from said 
intemal ridge, thereby causing said plunger to drive said penetrating member from said 
first position to said second position. 

8. The device of claim 7 wherein said actuator comprises a finger coupled to 
an inside surface of a flexible wall portion of said housing, a distal end of said finger 
being in contact with said lateral protrusion such that an appUcation of pressure to said 
flexible wall portion causes said finger to urge said lateral protrusion from said ridge, 
thereby causing said plunger to drive said penetrating member from said first position to 
said second position. 

9. The device of claim 8 wherein said distal end of said finger, upon the 
application of pressure to said flexible wall portion, moves in same the direction as the 
flexible wall portion. 

10. The device of claim 8 wherein said distal end of said finger, upon the 
application of pressure to said flexible wall portion, moves in a substantially opposite 
direction as the flexible wall portion. 
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1 1 . The device of claim 1 0 wherein said jBbtiger includes a pivot which causes 
the distal end of the finger to move in a direction substantially opposite that of the 
flexible wall portion. 

12. The device of claim 1 wherein said driving mechanism of said injection 
activation device comprises a pivoting arm and said injection activation device further 
includes a latch assembly, said pivoting ami having a proximal end pivotally coupled to 
an inside surface of a wall of said housing and a distal end in contact w^ith said latch 
assembly integral with a side wall of said housing, said fluid transport device being 
coupled to said arm such that when said distal end of said arm is in contact with said 
latch assembly, said penetrating member is in said first position; 

said injection activation device fiirther includes a biasing spring attached between 
said proximal and distal ends of said arm and a wall of said housing, said bieising spring 
urging said arm to drive said penetrating member to said second position; and 

said latch assembly includes a latch for contacting said distal end of said pivoting 
arm to prevent said pivoting arm from driving said penetrating member from said first 
position to said second position under the influence of said biasing spring and a latch 
release mechanism for moving said latch out of contact with said distal end of said 
pivoting arm, thereby enabling said pivoting arm to drive said penetrating member firom 
said first position to said second position under the influence of said biasing spring. 

13. The device of claim 12 wherein said latch release mechanism includes an 
electrically driven actuator coupled between said latch and said side wall of said housing, 
such that, upon the application of a charge to said electrically driven actuator, said 
electrically driven actuator activates to pull said latch out of contact with said distal end 
of said pivoting arm. 

14. The device of claim 13 wherein said electrically driven actuator comprises 
one of a shape memory alloy, a shape memory polymer, a piezo electric actuator and a 
solenoid. 
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15. The device of claim 13 further comprising a local processor connected to 
the latch release mechanism and programmed to apply a charge to said electrically driven 
actuator based on injection instructions; and 

a wireless receiver connected to the local processor for receiving injection 
instmctions from a separate, remote control device and deUvering the injection 
instructions to the local processor. 

16. The device of claim 15 wherein said housing is free of user input 
components for providing injection instructions to the local processor. 

17. The device of claim 15 ftuiher comprising a remote control device 
separate from the fluid delivery device and including: 

a remote processor; 

user interface components coimected to the remote processor for transmitting the 
injection instructions to the remote processor; and 

a transmitter connected to the remote processor for transmitting the injection 
instructions to the receiver of the fluid delivery device. 

18. The device of claim 12 wherein said latch release mechanism includes a 
mechanical lever coupled to said latch and protruding through said side wall, such that, 
upon said lever being pulled away from said housing, said latch is pulled out of contact 
with said distal end of said pivoting arm. 

19. The device of claim 2 wherein said injection activation device includes a 
discrete secondary housing, said plunger including a first end having a lateral protrusion 
and a second end in fiictional contact with said distal end of said fluid transport device, 
said second end of said plunger extending from within said secondary housing, out of a 
distal end thereof into said aperture of said housing and into frictional contact with said 
distal end of said fluid transport device; 

said injection activation device further comprising a biasing spring coupled 

between said first end of said plunger and a proximal end of said secondary housing 

within said secondary housing for biasing said plunger for driving said penetrating 

member from said first position to said second position, said lateral protrusion being in 
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contact with an internal ridge of said secondary housing, with said penetrating member 
in said first position, thereby preventing said plxmger fi-om driving said penetrating 
member firom said first position to said second position; 

said secondary housing including an actuator for urging said lateral protrusion 
fi-om said internal ridge, thereby causing said plunger to drive said penetrating member 
firom said first position to said second position. 

20. The device of claim 2 wherein said injection activation device includes a 
discrete secondary housing, said plxmger including a first end having a lateral protrusion 
and a second end in fiictional contact with said distal end of said fluid transport device, 
said second end of said plunger extending firom within said secondary housing, out of a 
distal end thereof into said aperture of said housing and into firictional contact with said 
distal end of said fluid transport device; 

said injection activation device iEurther comprising a biasing spring coupled 
between said first end of said plunger and a proximal end of said secondary housing 
within said secondary housing for biasing said plimger for driving said penetrating 
member fi*om said first position to said second position, said lateral protrusion being in 
contact with a latch assembly of said secondary housing, with said penetrating member 
in said first position, thereby preventing said plunger firom driving said penetrating 
member firom said first position to said second position; 

said latch assembly includes a latch for contacting said lateral protrusion of said 
plxmger to prevent said plunger firom driving said penetrating member firom said first 
position to said second position xmder the influence of said biasing spring and a latch 
release mechanism coupled to said housing for moving said latch out of contact with said 
lateral protrusion, thereby enabhng said plxmger to drive said penetrating member firom 
said first position to said second position xmder the influence of said biasing spring. 

21. The device of claim 18 wherein said latch release mechanism includes an 
electrically driven actuator coupled between said latch and said side wall of said hoxising, 
such that, upon the application of a charge to said electrically driven actuator, said 
electrically driven actuator activates to pull said latch out of contact with said distal end 
of said pivoting arm. 
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22. The device of claim 21 wherein said electrically driven actuator comprises 
one of a shape memory alloy, a shape memory polymer, a piezo electric actuator and a 
solenoid. 

23. The device of claim 21 further comprising a local processor housed in 
said secondary housing, said local processor being conaected to the latch release 
mechanism and programmed to apply a charge to said electrically driven actuator based 
on injection instructions; and 

a wireless receiver connected to the local processor for receiving injection 
instructions from a separate, remote control device and delivering the injection 
instructions to the local processor. 

24. The device of claim 23 wherein said housing is free of user input 
components for providing injection instructions to the local processor. 

25. The device of claim 23 ftirther comprising a remote control device 
separate from the fluid delivery device and including: 

a remote processor; 

user interface components connected to the remote processor for transmitting the 
injection instmctions to the remote processor; and 

a transmitter connected to the remote processor for transmitting the injection 
instructions to the receiver of the fluid delivery device. 

26. The device of claim 20 wherein said latch release mechanism includes a 
mechanical lever coupled to said latch and protruding through said side wall, such that, 
upon an application of force to said lever , said latch is moved out of contact with said 
distal end of said pivoting arm. 

27. The device of claim 1, said driving mechanism comprising a plunger 

having a first end in frictional contact with said distal end of said fluid transport device, 

said plunger being biased to drive said penetrating member from said first position to 

said second position, said injection activation device further comprising a latch for 
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contacting said plunger to maintaLa said penetrating member in said first position, said 
latch including an electrically driven actuator coupled to said latch, such that, upon the 
appUcation of a charge to said electrically driven actuator, said electrically driven 
actuator activates to pull said latch out of contact with said plunger, thereby enabling 
said plunger to drive said penetrating means from said first position to said second 
position. 

28. The device of claim 27 wherein said electrically driven actuator comprises 
one of a shape memory alloy, a shape memory polymer, a piezo electric actuator and a 
solenoid. 

29. The device of claim 27 further comprising a local processor connected to 
the latch release mechamsm and programmed to apply a charge to said electrically driven 
actuator based on injection instructions; and 

a wireless receiver connected to the local processor for receiving injection 
instmctions from a separate, remote control device and delivering the injection 
instructions to the local processor, 

30. A device for delivering fluid to a person comprising: 

a reservoir for containing a fluid to be delivered to the person; 

a fluid transport device for dispensing fluid from said reservoir to the person, said 
fluid transport device including a proximal end in fluid communication with said 
reservoir and a distal end having a penetrating member for piercing the skin of the person 
to facilitate the dehvery of fluid to the person through the fluid transport device, said 
proximal end being connected to said distal end by a medial portion of said fluid 
transport device; 

a housing containing said reservoir and said fluid transport device, said housing 
including an exit port for receiving said distal end of said fluid transport device upon 
injection of said penetrating member into said person and means for securing a first wall 
of said housing to the skin of the person; and 

an injection activation device including a driving mechanism contacting said 

fluid transport device for driving said penetrating member from a first position within 
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said housing, through said exit port to a second position, external to said housing and 
into the skin of said person; 

wherein said medial portion is disposed substantially parallel to said first wall of 
said housing and includes a lateral protrusion which, with said penetrating member in 
said first position, is biased against a latch assembly of said injection activation device 
by a biasing spring of said injection activation device, which is coupled between said 
lateral protrusion and an internal ridge of said housing, said biasing spring being in an 
energized state such that, upon activating said latch assembly, said biasing spring drives 
said fluid transport device in a direction of travel substantially parallel to said first wall, 
resulting in said penetrating member being driven fi-om said first position to said second 
position. 

3 1 . The device of claim 30 wherein said distal end of said fluid transport 
device is flexible; and 

said housing includes a deflecting device in the path of travel of said fluid 
transport device; 

wherein, upon activating said latch assembly, said distal end of said fluid 
transport device contacts said deflecting device which causes said distal end of said fluid 
transport device to be deflected fi:om said direction of travel substantially parallel to said 
first wall of said housing to a second direction of travel at an angle of at least 15 . 

32. The device of claim 31 wherein said second direction of travel is up to 

90 . 

33. The device of claim 31 wherein said latch assembly includes a latch for 
contactiQg said lateral protrusion of said fluid transport device to prevent said biasing 
spring fi-om driving said penetrating member fi-om said first position to said second 
position and a latch release mechanism coupled to said housing for moving said latch out 
of contact with said lateral protrusion, thereby enabling said biasing spring to drive said 
penetrating member from said first position to said second position. 

34. The device of claim 33 wherein said latch release mechanism includes an 

electrically driven actuator coupled between said latch and said housing, such that, upon 
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the application of a charge to said electrically driven actuator, said shape memory allow 
wire contracts, pulling said latch out of contact with said lateral protrusion of said fluid 
transport device. 

35. The device of claim 34 wherein said electrically driven actuator comprises 
one of a shape memory alloy, a shape memory polymer, a piezo electric actuator and a 
solenoid. 

36. The device of claim 34 further comprising a local processor connected to 
the latch release mechanism and programmed to apply a charge to said electrically driven 
actuator based on injection instructions; and 

a wireless receiver connected to the local processor for receiving injection 
instractions from a separate, remote control device and delivering the injection 
instmctions to the local processor 

37. The device of claim 36 wherein said housing is free of user input 
components for providing injection instructions to the local processor. 

38. The device of claim 36 further comprising a remote control device 
separate from the fluid delivery device and including: 

a remote processor; 

user interface components coimected to the remote processor for transmitting the 
injection instructions to the remote processor; and 

a transmitter coimected to the remote processor for transmitting the injection 
instractions to the receiver of the fluid delivery device. 

39. The device of claim 33 wherein said latch release mechanism includes a 
mechanical lever coupled to said latch and protmding throu^ said side wall, such that, 
upon an application offeree to said lever, said latch is moved out of contact with said 
distal end of said pivoting arm. 
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40. The device of claim 30 wherein said biasing spring comprises one of a 
torsional spring, a coil spring, a helical spring, a compression spring, an extension 
spring, an air spring, a wave spring, a conical spring, a constant force spring, a belleville 
spring and a beehive spring. 

41 . A device for delivering fluid to a person comprising: 

a reservoir for containing a fluid to be delivered to the person; 

a fluid transport device for dispensing fluid from said reservoir to the person, said 
fluid transport device including a proximal end in flvud communication with said 
reservoir and a distal end having a penetrating member for piercing the skin of the person 
to facilitate the delivery of fluid to the person through the fluid transport device; 

a housing containing said reservoir and said fluid transport device, said housing 
including an exit port for receiving said distal end of said fluid transport device upon 
injection of said distal end into said person and means for securing a first wall of said 
housing to the skin of the person; and 

an injection activation device including a driving mechanism contacting said 
fluid transport device for driving said penetrating member from a first position within 
said housing, through said exit port to a second position, external to said housing and 
into the skin of said person; 

wherein said driving mechanism includes a lever having a first portion coupled to 
a drive axle and a second portion, opposite said first portion, contacting said fluid 
transport device; 

said injection activation device ftirther comprising driving means operatively 
coupled to said drive axle for rotating said drive axle upon activation of said driving 
means, said second portion of said lever driving said penetrating member from said first 
position to said second position upon rotation of said drive axle, 

42. The device of claim 41 wherein said lever comprises a disk. 

43. The device of claim 41 wherein said driving means comprises a motor. 
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44. The device of claim 41 wherein said driving means comprises an 
energized coil spring disposed about said drive axle which, when deenergized, causes 
said drive axle to rotate. 

45. A device for deUvering fluid to a person comprising: 

a reservoir for containing a fluid to be delivered to the person; 

a fluid transport device for dispensing fluid from said reservoir to the person, said 
fluid transport device including a proximal end in fluid communication with said 
reservoir and a distal end having a penetrating member for piercing the skin of the person 
to facilitate the delivery of fluid to the person through the fluid trausport device, said 
proximal end being connected to said distal end by a medial portion of said fluid 
transport device; 

a housing containing said reservoir and said fluid transport device, said housing 
including an exit port for receiving said distal end of said fluid transport device upon 
injection of said distal end into said person and means for securing a first wall of said 
housing to the skin of the person; and 

an injection activation device including a driving mechanism contacting said 
fluid transport device for driving said penetrating member JSrom a first position within 
said housing, through said exit port to a second position, external to said housing and 
into the skin of said person; 

wherein said medial portion is disposed substantially parallel to said first wall of 
said housing and includes a lateral protrusion; 

said driving mechanism including an urging device disposed on one side of said 
lateral protrusion, said urging dcAdce being movable into contact with said lateral 
protrusion to urge said lateral protrusion downward, relative to said urging device, 
causing said penetrating member to be driven from said first position to said second 
position. 

46. A device for delivering fluid to a person comprising: 

a reservoir for containing a fluid to be delivered to the person; 
a fluid transport device for dispensing fluid from said reservoir to the person, said 
fluid transport device including a proximal end in fluid communication with said 
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reservoir and a distal end having a penetrating member for piercing the skin of the person 
to faciUtate the deUvery of fluid to the person through the fluid transport device; 

a housing containing said reservoir and said fluid transport device, said housing 
including an exit port for receiving said distal end of said fluid transport device upon 
injection of said distal end into said person and means for securing a first wall of said 
housing to the skin of the person; and 

an injection activation device contacting said fluid transport device for driving 
said penetrating member from a first position within said housing, through said exit port 
to a second position, external to said housing and into the skin of the person; 

said fluid transport device comprising a needle housed within a flexible cannula, 
said penetrating member being disposed at a distal end of said needle, said flexible 
cannula including a bellows portion proximate a distal end thereof, wherein, when said 
fluid transport device is in said first position, said bellows portion of said soft cannula is 
in a compressed state and said penetrating member extends beyond said distal end of said 
flexible cannula; 

said injection activation device comprising a plunger having a body portion 
coupled to said fluid transport device between said proximal end and said bellows 
portion of said flexible cannula, such that the application of a first force in a first 
direction to said plunger drives said fluid transport device from said first position to said 
second position, wherein said penetrating member of said needle and said distal end of 
said flexible caimula extend through said exit port and into the skin of the person. 

47. The device of claim 46 wherein, upon application of a second force to 
said plunger in a second direction substantially opposite said first direction, said 
penetrating member of said needle is retracted to a third position, and said bellows 
portion of said flexible cannula is extended, thereby enabling said distal end of said 
flexible cannula to remain in said second position. 

48. The device of claim 47 wherein said plunger extends through a second 
wall of said housing and includes a head portion exterior to said housing, said first force 
being applied directly to said head portion by a person to drive said fluid transport device 
from said first position to said second position. 
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49. The device of claim 48 wherein said second force is applied directly to 
said head portion by a person to move said penetrating member of said needle to said 
third position. 

50. The device of claim 48 wherein said injection activation device includes a 
spring coupled between said plunger and an interior wall of said housing, said spring 
being in a deenergized state when said fluid transport device is in said first position and 
in an energized state when said fluid transport device is in said second position, wherein, 
upon a termination of the application of said first force, said spring applies said second 
force to said plunger, thereby causing said penetrating member to move to said third 
position. 

5 1 . The device of claim 47 whereia said plunger includes a lateral protrusion 
and said injection activation device includes a first spring in an energized state and 
positioned relative to said lateral protrusion to impart said first force upon releasing its 
energy and a second spring in an energized state and positioned relative to said lateral 
protrusion to impart said second force upon releasing its energy and said injection 
activation device includes a latch assembly for maintaining said first spring in its 
energized state and said second spring in its energized state. 

52. The device of claim 5 1 wherein said latch assembly includes a first latch 
arm movable between a closed position, in which said first spring is maintained in said 
energized state and an open position, in which said first spring is released from said 
energized state, thereby imparting said first force to said lateral protrusion to drive said 
fluid transport device from said first position to said second position. 

53. The device of claim 52 wherein said first latch arm is held in said closed 
position by contact with said first spring and wherein said first latch ami is moved to said 
open state by a fibrst latch activation device. 

54. The device of claim 53 wherein said first latch activation device 

comprises a first electrically driven actuator coupled to said latch arm, such that, upon 

the application of a charge to said first electrically driven actuator, said first electrically 
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driven actuator activates, causing said latch arm to move from said closed position to 
said open position. 

55. The device of claim 54 wherein said first electrically driven actuator 
comprises one of a shape memory alloy, a shape memory polymer, a piezo electric 
actuator and a solenoid. 

56. The device of claim 54 wherein said latch assembly includes a second 
latch arm movable between a closed position, in which said second spring is maintained 
in said energized state and an open position, in which said second spring is released from 
said energized state, thereby imparting said second force to said lateral protrusion to 
drive said fluid transport device from said second position to said third position. 

57. The device of claim 56 wherein said second latch arm is held in said 
closed position by contact with said second spring and wherein said second latch arm is 
moved to said open state by a second latch activation device. 

58. The device of claim 57 wherein said second latch activation device 
comprises a second electrically driven actuator coupled between said second latch arm 
and said housing, such that, upon the application of a charge to said second electrically 
driven actuator, said second electrically driven actuator activates, causing said second 
latch arm to move from said closed position to said open position. 

59. The device of claim 58 wherein said second electrically driven actuator 
comprises one of a shape memory alloy, a shape memory polymer, a piezo electric 
actuator and a solenoid. 

60. The device of claim 54 further comprising a local processor connected to 
the first latch activation device and programmed to apply a charge to said electrically 
driven actuator based on first injection instructions; and 

a wireless receiver connected to the local processor for receiving said first 
injection instructions from a separate, remote control device and delivering said first 
injection instructions to the local processor. 
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61 . The device of claim 60 wherein said housing is free of user input 
components for providing injection instructions to the local processor. 

62. The device of claim 60 ftirther comprising a remote control device 
separate from the fluid delivery device and including: 

a remote processor; 

user interface components connected to the remote processor for transmitting the 
first injection instructions to the remote processor; and 

a transmitter connected to the remote processor for transmitting the first injection 
instractions to the receiver of the fluid delivery device. 

63. The device of claim 60 wherein said local processor is ftirther coimected 
to the second latch activation device and programmed to apply a charge to said second 
electrically driven actuator based on second injection instmctions; and 

a wireless receiver connected to the local processor for receiving said second 
injection instractions from a separate, remote control device and delivering said second 
injection instractions to the local processor. 

64. The device of claim 63 said remote control device ftirther including: 
user interface components connected to the remote processor for transmitting the 

second injection instractions to the remote processor; and 

wherein said transmitter transmits said second injection instractions to the 
receiver of the fluid delivery device. 

65. The device of claim 47 wherein said third position is said iSrst position. 

66. The device of claim 47 wherein said third position is within said housing 
and fiu1:her away from said exit port than said first position. 

67. The device of claim 47 wherein said third position is between said first 

and second positions, such that said penetrating member is located between said distal 

end of said flexible cannula and said exit port of said housing. 
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68. The device of claim 46 wherein said fluid transport device is constructed 
and arranged such that, upon activation of said first force, a medial portion of said 
needle, between said proximal and distal ends, travels in a direction substantially parallel 
to said first wall. 

69. The device of claim 68 wherein said housing further includes a deflector 
located along a path of travel of said fluid transport device for imparting a bend of at 
least 15 to said distal end of said fluid transport device, thereby directing said distal end 
through said exit port as said fluid transport device is driven from said first position to 
said second position. 

70. The device of claim 57 wherein said second latch activation device 
comprises an urging device disposed on said lateral protrusion wherein, upon said first 
spring imparting said first force on said lateral protrusion, said urging device contacts 
said second latch arm and urges said second latch arm into its open position, thereby 
imparting said second force to said lateral protrusion. 

71. A device for delivering fluid to a person comprising: 

a reservoir for containing a fluid to be delivered to the person; 

a fluid transport device for dispensing fluid from said reservoir to the person, said 
fluid transport device including a proximal end in fluid communication with said 
reservoir and a distal end having a penetrating member for piercing the skin of the person 
to facilitate the delivery of fluid to the person through the fluid transport device; 

a housing containing said reservoir and said fluid transport device, said housing 
including an exit port for receiving said distal end of said fluid transport device upon 
injection of said distal end into said person and means for securing a first wall of said 
housing to the skin of the person; and 

an injection activation device contacting said fluid transport device for driving 
said penetrating member Jfrom a first position within said housing, through said exit port 
to a second position, external to said housing and into the skin of the person; 

said fluid transport device comprising a needle housed within a flexible cannula, 

said penetrating member being disposed at a distal end of said needle, said flexible 
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cannula including a retraction prevention mechanism proximate a distal end thereof, 
wherein, when said fluid transport device is in said first position, said retraction 
prevention mechanism of said soft cannula is within said housing and said penetrating 
member extends beyond said distal end of said flexible cannula; 

said injection activation device comprising a plunger having a body portion 
coupled to said fluid transport device, such that the application of a first force in a first 
direction to said plunger drives said fluid transport device from said first position to said 
second position, wherein said penetrating member of said needle and said distal end of 
said flexible caimula extend through said exit port and into the skin of the person and 
said retraction prevention mechanism of said flexible caimula is in contact with said exit 
port of said housing. 

72. The device of claim 71 wherein said retraction prevention mechanism 
comprises a protrusion disposed on said flexible cannula, said protrusion causing said 
flexible caimula to have a width dimension greater than a width dimension of said exit 
port. 

73. The device of claim 72 wherein said retraction prevention mechanism 
comprises an annular ring disposed on said flexible cannula and having a greater 
diameter than a diameter of said exit port. 

74. The device of claim 71 wherein said retraction prevention mechanism 
comprises an externally roughened portion of said flexible cannula. 

75. The device of claim 71 wherein said retraction prevention mechanism 
comprises one or more barbs disposed on an exterior surface of said flexible cannula. 

76. The device of claim 71 wherein, upon application of a second force to 
said plunger in a second direction substantially opposite said first direction, said 

penetrating member of said needle is retracted to a third position, and said retraction 
prevention mechanism of said flexible cannula remains in contact with said exit port, 
thereby forcing said distal end of said flexible cannula to remain in said second position. 
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77. The device of claim 76 wherein said plunger extends through a second 
wall of said housing and includes a head portion exterior to said housing, said first force 
being applied directly to said head portion by a person to drive said fluid transport device 
from said first position to said second position. 

78. The device of claim 77 wherein said second force is applied directly to 
said head portion by a person to move said penetrating member of said needle to said 
third position. 

79. The device of claim 77 wherein said injection activation device includes a 
spring coupled between said plunger and an interior wall of said housing, said spring 
being in a deenergized state when said fluid transport device is in said first position and 
in an energized state when said fluid transport device is in said second position, wherein, 
upon a termination of the application of said first force, said spring applies said second 
force to said plimger, thereby causing said penetrating member to move to said third 
position. 

80. The device of claim 76 wherein said plunger includes a lateral protrusion 
and said injection activation device includes a first spring in an energized state and 
positioned relative to said lateral protrusion to impart said first force upon releasing its 
energy and a second spring in an energized state and positioned relative to said lateral 
protrusion to impart said second force upon releasing its energy and said injection 
activation device includes a latch assembly for maintaining said first spring in its 
energized state and said second spring in its energized state. 

81. The device of claim 80 wherein said latch assembly includes a first latch 
arm movable between a closed position, in which said first spring is maintained in said 
energized state and an open position, in which said first spring is released fi-om said 
energized state, thereby imparting said first force to said lateral protrusion to drive said 
fluid transport device fi*om said first position to said second position. 
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82. The device of claim 81 wherein said first latch arm is held in said closed 
position by contact with said first spring and wherein said first latch arm is moved to said 
open state by a first latch activation device. 

83. The device of claim 82 wherein said first latch activation device 
comprises a first electrically driven actuator coupled between said latch arm and said 
housing, such that, upon the application of a charge to said first electrically driven 
actuator, said first electrically driven actuator activates, causing said latch arm to move 
from said closed position to said open position. 

84. The device of claim 83 wherein said first electrically driven actuator 
comprises one of a shape memory alloy, a shape memory polymer, a piezo electric 
actuator and a solenoid. 

85. The device of claim 83 wherein said latch assembly includes a second 
latch arm movable between a closed position, in which said second spring is maintained 
in said energized state and an open position, in which said second spring is released firom 
said energized state, thereby imparting said second force to said lateral protmsion to 
drive said fluid transport device firom said second position to said third position. 

86. The device of claim 85 wherein said second latch arm is held in said 
closed position by contact with said second spring and wherein said second latch arm is 
moved to said open state by a second latch activation device. 

87. The device of claim 86 wherein said second latch activation device 
comprises a second electrically driven actuator coupled between said second latch arm 
and said housiag, such that, upon the application of a charge to said second electrically 
driven actuator, said second electrically driven actuator activates, causing said second 
latch arm to move from said closed position to said open position. 

88. The device of claim 87 wherein said first electrically driven actuator 
comprises one of a shape memory alloy, a shape memory polymer, a piezo electric 
actuator and a solenoid. 
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89. The device of claim 83 further comprising a local processor comiected to 
the first latch activation device and programmed to apply a charge to said electrically 
driven actuator based on first injection instructions; and 

a wireless receiver connected to the local processor for receiving said first 
injection instructions from a separate, remote control device and delivering said first 
injection instructions to the local processor. 

90. The device of claim 89 wherein said housing is free of user input 
components for providing injection instructions to the local processor. 

9 1 . The device of claim 89 fiirther comprising a remote control device 
separate firom the fluid delivery device and including: 

a remote processor; 

user interface components comiected to the remote processor for transmitting the 
first injection instructions to flie remote processor; and 

a transmitter connected to the remote processor for transmitting the first injection 
instructions to the receiver of the fluid delivery device. 

92. The device of claim 81 wherein said local processor is further connected 
to the second latch activation device and programmed to apply a charge to said second 
electrically driven actuator based on second injection instructions; and 

a wireless receiver connected to the local processor for receiving said second 
injection instructions from a separate, remote control device and delivering said second 
injection instmctions to the local processor. 

93. The device of claim 92 said remote control device fiirther including: 
user interface components connected to the remote processor for transmitting the 

second injection instructions to the remote processor; and 

wherein said transmitter transmits said second injection instmctions to the 
receiver of the fluid delivery device. 



94. The device of claim 76 wherein said third position is said first position. 
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95. The device of claim 76 wherein said third position is within said housing 
and further away jBrom said exit port than said fibrst position. 

96. The device of claim 76 wherein said third position is between said first 
and second positions, such that said penetrating member is located between said distal 
end of said flexible cannula and said exit port of said housing. 

97. The device of claim 76 wherein said fluid transport device is constmcted 
and arranged such that, upon activation of said first force, a medial portion of said 
needle, between said proximal and distal ends, travels in a direction substantially parallel 
to said first wall. 

98. The device of claim 92 wherein said housing further includes a deflector 
located along a path of travel of said fluid transport device for imparting a bend of at 
least 15 to said distal end of said fluid transport device, thereby directing said distal end 
through said exit port as said fluid transport device is driven fi-om said first position to 
said second position. 

99. The device of claim 82 wherein said second latch activation device 
comprises an urging device disposed on said lateral protrusion wherein, upon said first 
spring imparting said first force on said lateral protmsion, said urging device contacts 
said second latch arm and urges said second latch arm into its open position, thereby 
imparting said second force to said lateral protrusion. 

100. The device of claim 1 wherein said housing includes a transparent portion 
disposed proximate said exit port, for providing a view of an entry site of said fluid 
transport device in the person's skin. 

101 . A device for delivering fluid to a person comprising: 

a reservoir for containing a fluid to be delivered to the person; 

a fluid transport device for dispensing fluid fi:*om said reservoir to the person, said 

fluid transport device including a proximal end in fluid communication with said 
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reservoir and a distal end having a penetrating member for piercing the skin of the person 
to facilitate the delivery of fluid to the person through the fluid transport device; 

a housing containing said reservoir and said fluid transport device, said housing 
including an exit port for receiving said distal end of said fluid transport device upon 
injection of said distal end into said person, means for securing a first wall of said 
housing to the skin of the person and a retraction prevention mechanism proximate said 
exit port; and 

an injection activation device contacting said fluid transport device for driving 
said penetrating member from a first position within said housing, through said exit port 
to a second position, extemal to said housing and into the skin of the person; 

said fluid transport device comprising a needle housed within a flexible cannula, 
said penetrating member being disposed at a distal end of said needle; 

said injection activation device comprising a plxmger having a body portion 
coupled to said fluid transport device, such that the application of a first force in a first 
direction to said plunger drives said fluid transport device from said first position to said 
second position, wherein said penetrating member of said needle and said distal end of 
said flexible cannula extend through said exit port and into the skin of the person, said 
distal end of said flexible cannula being in fiictional contact with said retraction 
prevention mechanism of said housing. 

102. The device of claim 101 wherein, upon application of a second force to 
said plunger in a second direction substantially opposite said first direction, said 
penetrating member of said needle is retracted to a third position, and said retraction 
prevention mechanism of said housing maintains said distal end of said flexible cannula 
in said second position. 

103. The device of claim 102 wherein said retraction prevention mechanism 
comprises an externally roughened portion of said exit port. 

104. The device of claim 102 wherein said retraction prevention mechanism 
comprises one or more barbs disposed on a cannula-contacting surface of said exit port. 

1 05 . A device for delivering fluid to a person comprising: 
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a reservoir for containing a fluid to be delivered to the person; 

a fluid transport device for dispensing fluid j&om said reservoir to the person, said 
flidd transport device including a proximal end in fluid connanumcation with said 
reservoir and a distal end having a penetrating member for piercing the skin of the person 
to faciUtate the delivery of fluid to the person through the fluid transport device; 

a housing containing said reservoir and said fluid transport device, said housing 
including an exit port for receiving said distal end of said fluid transport device upon 
injection of said distal end into said person and means for securing a first wall of said 
housing to the skin of the person; and 

an injection activation device contacting said fluid transport device for driving 
said penetrating member from a first position within said housing, through said exit port 
to a second position, external to said housing and into the skin of the person; 

said fluid transport device comprising a needle housed within a flexible cannula, 
said penetrating member being disposed at a distal end of said needle, beyond a distal 
end of said flexible cannula, said flexible cannula having a length that is less than a 
length of said needle, wherein a proximal end of said flexible cannula, opposite said 
distal end of said needle, is constructed and arranged to provide a fnctional seal between 
said flexible cannula and said needle, said frictional seal preventing an escape of said 
fluid from between said distal end of said cannula and said needle, while allowing said 
distal end of said cannula to slide along said needle; 

said injection activation device comprising a plunger coupled to said fluid 
transport device, such that the application of a first force in a first direction to said 
plunger drives said fluid transport device from said first position to said second position, 
wherein said penetrating member of said needle and said distal end of said flexible 
cannula extend through said exit port and into the skin of the person. 

106. The device of claim 105 wherein said plunger comprises a first body 
portion coupled to said flexible cannula and a second body portion coupled to said 
needle and in contact with said first body portion; 

wherein, upon the application of said first force, said second body portion drives 
said needle, said first body portion, and said flexible cannula from said first position to 
said second position. 



76 



wo 03/090509 



PCT/US03/12370 



107. The device of claim 106 wherein, upon the application of a second force 
to said second body portion, in a direction substantially opposite said first direction, said 
second body portion and said needle are retracted to a third position. 

108. The device of claim 107, said injection activation device further 
comprising a retention member for contacting said flexible cannula to retain said cannula 
in said second position prior to the application of said second force, thereby enabling 
said needle to be driven to said third position independent of said flexible cannula. 

109. The device of claim 108 said injection activation device further 
comprising a first latch mechamsm for maintaining said fluid transport device in said 
first position prior to the application of said first force 

110. A device for delivering fluid to a person comprising: 

a reservoir for containing a fluid to be delivered to the person; 

a fluid transport device for dispensing fluid from said reservoir to the person, said 
fluid transport device including a proximal end in fluid communication with said 
reservoir and a distal end having a penetrating member for piercing the skin of the person 
to facilitate the delivery of fluid to the person through the fluid transport device; 

a housing containing said reservoir and said fluid transport device, said housing 
including an exit port for receiving said distal end of said fluid transport device upon 
injection of said distal end into said person and means for securing a first wall of said 
housing to the skin of the person; and 

an injection activation device including a driving mechanism contacting said 
fluid transport device for driving said penetrating member from a first position within 
said housing, through said exit port to a second position, extemal to said housing and 
into title skin of said person; 

said fluid transport device comprising a needle housed within a flexible cannula, 

said penetrating member being disposed at a distal end of said needle, said flexible 

cannula including a retraction prevention mechanism proximate a distal end thereof, 

wherein, when said fluid transport device is in said first position, said retraction 

prevention mechanism of said soft cannula is within said housing and said penetrating 

member extends beyond said distal end of said flexible cannula; and 
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wherein said driving mechanism includes a rotational-to-linear motion converter 
coupled between rotational driving means of said injection activation device and said 
fluid transport device for converting rotational motion imparted on a drive shaft of said 
rotational-to-linear motion converter by said rotational drive means to linear motion 
which causes said driving mechanism to drive said penetrating member from said first 
position to said second position during a first portion of rotational travel of said drive 
shaft. 

111. The device of claim 110 wherein said rotational-to-linear motion 
converter is operative for retracting said penetrating member to a third position during a 
second portion of rotational travel of said drive shaft. 

112. The device of claim 110 wherein said rotational-to-linear motion 
converter fijither includes a crank coupled to said drive shaft, said crank including an 
urging rod; and said injection activation device including a force translator coupled to 
said fluid transport device, said force translator having a longitudinal slot for receiving 
said urging rod such that, upon rotation of said drive shaft and crank, said force translator 
converts rotational motion of said urging rod to a linear motion imparted on said fluid 
transport device to drive said penetrating member firom said first position to said second 
and third positions. 

113. The device of claim 110 wherein said driving means comprises a motor. 

114. The device of claim 110 wherein said driving means comprises a spring in 
an energized state disposed about said drive axle which, when deenergized, causes said 
drive axle to rotate. 

115. The device of claim 114 said injection activation device fiirther 
comprising a latch arm movable between a closed position, maintaining said spring in 
said energized state, and an open position, in which said spring is released from said 
energized state, thereby causing said drive axle to rotate. 
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116. The device of claim 115 wherein said latch arm is held in said closed 
position by contact with said crank and wherein said latch arm is moved to said open 
state by a latch activation device. 

117. The device of claim 116 wherein said latch activation device comprises an 
electrically driven actuator coupled to said latch arm such that, upon the application of a 
charge to said first electrically driven actuator, said first electrically driven actuator 
activates, causing said latch arm to move from said closed position to said open position. 

118. The device of claim 117 wherein said electrically driven actuator 
comprises one of a shape memory alloy, a shape memory polymer, a piezo electric 
actuator and a solenoid. 

119. The device of claim 116 further comprising a local processor connected to 
the latch activation device and programmed to apply a charge to said electrically driven 
actuator based on first injection instructions; and 

a wireless receiver connected to the local processor for receiving said first 
injection instructions from a separate, remote control device and delivering said first 
injection instructions to the local processor. 

120. The device of claim 119 wherein said housing is free of user input 
components for providing injection instructions to the local processor. 

121. The device of claim 119 further comprising a remote control device 
separate from the fluid delivery device and including: 

a remote processor; 

user interface components connected to the remote processor for transmitting the 
first injection instructions to the remote processor; and 

a transmitter coimected to the remote processor for transmitting the first injection 
instructions to the receiver of the fluid delivery device. 

122. The device of claim 111 wherein said third position is said first position. 
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123. The device of claim 111 wherein said third position within said housing 
and further away from said exit port than said first position. 

124. The device of claim 111 wherein said third position is between said first 
and second positions, such that said penetrating member is located between said distal 
end of said flexible cannula and said exit port of said housing. 

125. A device for deUvering fluid to a person comprising: 
a reservoir for containing a fluid to be deUvered to the person; 

a fluid transport device for dispensing fluid from said reservoir to the person, said 
fluid transport device including a proximal end in fluid communication with said 
reservoir and a distal end having a penetrating member for piercing the skin of the person 
to facilitate the delivery of fluid to the person through the fluid transport device; 

a housing containing said reservoir and said fluid transport device, said housing 
including an exit port for receiving said distal end of said fluid transport device upon 
injection of said distal end into said person and means for securing a first wall of said 
housing to the skin of the person; and 

an injection activation device contacting said fluid transport device for driving 
said penetrating member from a first position within said housing, through said exit port 
to a second position, external to said housing and into the skin of the person; 

said fluid transport device comprising a needle housed within a flexible cannula, 
said penetrating member being disposed at a distal end of said needle, said flexible 
cannula including a retraction prevention mechanism proximate a distal end thereof, 
wherein, when said fluid transport device is in said first position, said retraction 
prevention mechanism of said sofl; caimula is within said housing and said penetrating 
member extends beyond said distal end of said flexible cannula; 

said injection activation device comprising a latch arm for maintaining said fluid 
transport device in said first position when said latch arm is in a closed state and a first 
spring in an energized state coupled to said fluid transport device, such that, upon 
releasing said latch arm, said first spring deenergizes causing said penetrating member to 
be driven from said first position to said second position, wherein said penetrating 
member of said needle and said distal end of said flexible cannula extend through said 
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exit port and into the skin of the person and said retraction prevention mechanism of said 
flexible caimula is in contact with said exit port of said housing. 

126. The device of claim 125, said first spring comprising a leaf spring having 
a distal end in contact with said fluid transport device which, upon said penetrating 
member being driven to said second position, falls out of contact with said fluid transport 
device. 

127. The device of clahn 125 said injection activation device further 
comprising a second spring coupled to said fluid transport device which is in a 
deenergized state when said penetrating member is in said first position and which 
becomes energized as said penetrating member is driven from said first position to said 
second position upon release of said latch arm, such that, when said penetrating member 
reaches said second position, said second spring is energized such that, when said first 
spring falls out of contact with said fluid transport device, said second spring retracts 
said penetrating member to a third position, while said retraction prevention mechanism 
of said flexible caimula remains in contact with said exit port, thereby forcing said distal 
end of said flexible cannula to remain in said second position. 

128. The device of claim 125 wherein said latch arm is maintained in said 
closed position by contact with said fluid transport device and wherein said latch is 
released by a latch activation device. 

129. The device of claim 128 wherein said latch activation device comprises an 
electrically driven actuator coupled to said latch arm such that, upon the appUcation of a 
charge to said first electrically driven actuator, said first electrically driven actuator 
activates, causing said latch arm to move from said closed state to said open state. 

130. The device of claim 129 wherein said electrically driven actuator 
comprises one of a shape memory alloy, a shape memory polymer, a piezo electric 
actuator and a solenoid. 
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131. The device of claim 1 28 further comprising a local processor connected to 
the latch activation device and programmed to apply a charge to said electrically driven 
actuator based on first injection instructions; and 

a wireless receiver connected to the local processor for receiving said first 
injection instructions fi"om a separate, remote control device and deUvering said first 
injection instructions to the local processor. 

132. The device of claim 131 wherein said housing is free of user input 
components for providing injection instructions to the local processor. 

133. The device of claim 131 fiirther comprising a remote control device 
separate fi-om the fluid delivery device and including: 

a remote processor; 

user interface components connected to the remote processor for transmitting the 
first injection instructions to the remote processor; and 

a transmitter coimected to the remote processor for transmitting the first injection 
instructions to the receiver of the fluid delivery device. 

134. The device of claim 1 wherein said driving mechanism comprises a 
sliding device disposed in a ramp portion of said injection activation device and in 
contact with said fluid transport device, said ramp portion being disposed relative to said 
fluid transport device such that, as said sliding device is moved along said ramp portion, 
an urging member of said sliding device slides between said ramp portion and said fluid 
transport device, causing said fluid transport device to be driven from said first position 
to said second position. 

135. The device of claim 134 wherein said sliding device fiirther comprises a 
handle portion external of said housing, for enabling a user of said device to manually 
slide said urging member along said ramp portion to drive said fluid transport device 
from said first position to said second position. 
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136. The device of claim 105 wherein said plunger comprises a body portion 
coupled to said needle and in contact with said proximal end of said flexible cannula, 
wherein upon titie application of said first force in said first direction, said body portion 
drives said needle and said flexible cannula from said first position to said second 
position. 

137. The device of claim 136 wherein, upon the application of a second force 
to said second body portion, in a direction substantially opposite said first direction, said 
body portion and said needle are retracted to a third position. 

138. The device of claim 139, said injection activation device ftirther 
comprising a retention member for contacting said flexible cannula to retain said caimula 
in said second position prior to the application of said second force, thereby enabling 
said needle to be driven to said third position independent of said flexible cannula. 

139. The device of claim 138 wherein said injection activation further 
comprises a spring which is in an energized state while said fluid transport device is in 
said first position. 

140. The device of claim 139 wherein, when said spring is deenergized, said 
spring applies said first force to said plunger during a first portion of deenergization, 
driving said fluid transport device from said first position to said second position. 

141. The device of claim 140 wherein, during a second portion of said 
deenergization, said spring drives said plixtiger in said second direction, substantially 
opposite said first direction, thereby retracting said body portion and said needle to said 
third position. 

142. The device of claim 139, said injection activation device further 
comprising a latch arm which, when in a closed state, maintains said fluid transport 
device in said first position and said spring in said energized state. 
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143. The device of claim 142 wherein said latch arm is maintained in said 
closed position by contact with said fluid transport device and wherein said latch is 
released by a latch activation device. 

144. The device of claim 143 wherein said latch activation device comprises an 
electrically driven actuator coupled to said latch arm such that, upon the application of a 
charge to said first electrically driven actuator, said first electrically driven actuator 
activates, causing said latch arm to move firom said closed state to said open state. 

145. The device of claim 144 wherein said electrically driven actuator 
comprises one of a shape memory alloy, a shape memory polymer, a piezo electric 
actuator and a solenoid. 

146. The device of claim 144 further comprising a local processor conaected to 
the latch activation device and programmed to apply a charge to said electrically driven 
actuator based on first injection instructions; and 

a wireless receiver connected to liie local processor for receiving said first 
injection instructions firom a separate, remote control device and delivering said first 
injection instructions to the local processor. 

147. The device of claim 146 wherein said housing is firee of user input 
components for providing injection instructions to the local processor. 

148. The device of claim 146 further comprising a remote control device 
separate firom the fluid delivery device and including: 

a remote processor; 

user interface components comiected to the remote processor for transmitting the 
first injection instructions to the remote processor; and 

a transmitter connected to the remote processor for transmitting the first injection 
instructions to the receiver of the fluid delivery device. 

149. A device for delivering fluid to a person comprising: 

a reservoir for containing a fluid to be delivered to the person; 

84 



wo 03/090509 



PCT/US03/12370 



a fluid transport device for dispensing fluid from said reservoir to the person, said 
fluid transport device including a proximal end in fluid communication with said 
reservoir and a distal end having a penetrating member for piercing the skin of the person 
to faciUtate the delivery of fluid to the person through the fluid traasport device; 

a housing containing said reservoir and said fluid transport device, said housing 
including an exit port for receiving said distal end of said fluid transport device upon 
injection of said distal end into said person and means for secviring a first wall of said 
housing to the skin of the person; and 

an injection activation device contacting said fluid transport device for driving 
said penetrating member from a first position within said housing, through said exit port 
to a second position, extemal to said housing and into the skin of the person; 

said flviid transport device comprising a needle housed within a flexible cannula, 
said penetrating member being disposed at a distal end of said needle, said flexible 
cannula including a retraction prevention mechanism proximate a distal end thereof, 
wherein, when said fluid transport device is in said first position, said retraction 
prevention mechanism of said soft cannula is within said housing and said penetrating 
member extends beyond said distal end of said flexible cannula; 

said injection activation device comprising: 

a cam and a follower portion slidably coupled to said fluid transport 
device, said cam including a first cam portion and a second cam portion, said fluid 
transport device being in said first position when said follower portion is in contact 
with said first cam portion and in said second position when said follower portion is 
in contact with said second cam portion, wherein said penetrating member of said 
needle and said distal end of said flexible cannula extend throu^ said exit port and 
into the skin of the person and said retraction prevention mechanism of said 

flexible cannula is in contact with said exit port of said housing; and 

driving means for driving said follower portion from said first cam 
portion to said second cam portion. 

150. The device of claim 149, said injection activation device further 
comprising a third cam portion, said driving means driving said follower portion from 
said second cam portion to said third cam portion, such that, as said follower portion is 
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driven jfrom said second cam portion to said third cam portion, said needle is retracted to 
a third position. 

151. The device of claim 150 wherein said driving means comprises a spring 
biased for driving said follower portion from said first cam portion through said second 
cam portion to said third cam portion. 

1 52. The device of claim 151 wherein, when said follower portion is in contact 
with said first cam portion, said spring is in an energized state. 

153. The device of claim 152 said injection activation device further 
comprising a latch arm which, when in a closed state, maintains said spring in said 
energized state. 

154. The device of claim 153 wherein said latch arm is maintained in said 
closed position by contact with said spring and wherein said latch is released by a latch 
activation device. 

155. The device of claim 154 wherein said latch activation device comprises an 
electrically driven actuator coupled to said latch arm such that, upon the application of a 
charge to said first electrically driven actuator, said first electrically driven actuator 
activates, causing said latch aim to move from said closed state to said open state. 

156. The device of claim 155 wherein said electrically driven actuator 
comprises one of a shape memory alloy, a shape memory polymer, a piezo electric 
actuator and a solenoid. 

157. The device of claim 76 wherein said first force is imparted to said fluid 
transport device by a first spring and said second force is imparted to said fluid transport 
device by a second spring; 

said first spring having a proximal end coupled to said needle and in contact with 
said flexible cannula and a distal end coupled to a distal end of said second spring; 
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said second spring having a proximal end which is in a fixed position with 
respect to said housing; 

said first and second springs being in an energized state when said fluid transport 
device is in said first position. 

158. The device of claim 157 wherein said injection activation device further 
comprises a unitary control mechanism which contacts said first and second springs to 
maintain them in said energized states, said control mechanism having a first finger 
contacting said proximal end of said first spring and a second finger contacting said 
distal end of said second spring, said first finger being shorter than said second finger. 

159. The device of claim 158 wherein, upon moving said control mechanism 
away fi-om said first and second springs, said first finger releases said proximal end of 
said first spring, causing said fluid transport device to be driven firom said first position 
to said second position by said first force; and 

after the application of said first force, said second finger releases said distal end 
of said second spring, causing said needle to be retracted from said second position to 
said third position by said second force. 

160. A device for delivering fluid to a person comprising: 

a reservoir for containing a fluid to be delivered to the person; 

a fluid transport device for dispensing fluid from said reservoir to the person, said 
fluid transport device including a proximal end in fluid communication with said 
reservoir and a distal end having a means for facilitating the deUvery of fluid to the 
person through the fluid transport device when inserted into the skin of the person; 

a housing containing said reservoir and said fluid transport device, said housing 
including an exit port for receiving said distal end of said fluid transport device upon 
injection of said distal end into said person and means for securing a first wall of said 
housing to the skin of the person; and 

a motion isolation device for isolating motion of said housing from said fluid 
transport device when said penetrating member is external to said housing and within the 
skin of the person. 
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161 . The device of claim 160 wherein said motion isolation device comprises a 
spring mechanism coupled between said fluid transport device and said housing, said 
spring mechanism enabling said housing to move independently of said fluid transport 
device. 

162. The device of claim 160 wherein said fluid transport device comprises a 
flexible cannula and said motion isolation device comprises a loop in said flexible 
cannula between said distal end of said flexible cannula and a medial portion of said 
flexible cannula which is fixed to said housing, said loop portion enabling said housing 
to move independently of said flexible caimula. 

163. The device of claim 2 wherein said plunger is formed JBrom a transparent 
material for providing a view of an injection site of said penetrating member. 

164. The device of claim 163 wherein said plunger provides a magnified view 
of said injection site. 

165. The device of claim 163 further comprising illumination means for 
directing light to said injection site through said plunger. 

166. A device for delivering fluid to a person comprising: 

a reservoir for containing a fluid to be delivered to the person; 

a fluid transport device for dispensing fluid firom said reservoir to the person, said 
fluid transport device including a proximal end in fluid communication with said 
reservoir and a distal end having a penetrating member for piercing the skin of the person 
to facilitate the delivery of fluid to the person through the fluid transport device; 

a housing containing said reservoir and said fluid transport device, said housing 
including an exit port for receiving said distal end of said fluid transport device upon 
injection of said distal end into the skin of the person; and 

an injection activation device contacting said fluid transport device for driving 
said penetrating member from a first position within said housing, through said exit port 
to a second position, extemal to said housing and into the skin of the person; 
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said fluid transport device comprising a needle housed within a flexible cannula, 
said penetrating member being disposed at a distal end of said needle, wherein, when 
said fluid transport device is in said first position, said penetrating member extends 
beyond said distal end of said flexible cannula; 

said injection activation device comprising: 

a plunger device coupled to said fluid transport device; 

a latch mechanism comprising a first latch arm for maintaining a first 
spring in an energized state and a second latch arm for maintaining a second spring in 
an energized state; 

wherein, upon releasing said first latch arm, said first spring deenergizes 
and forces said plunger device and said fluid transport device from said first position 
to said second position and, upon said plunger and fluid transport device reaching said 
second position, said second latch arm is released, causing said second spring to 

deenergize and to force said plunger device from said second position to a third 

position. 

167. The device of claim 166 wherein said latch mechanism comprises an 
electrically driven actuator coupled to said first latch arm such that, upon the application 
of a charge to said electrically driven actuator, said electrically driven actuator activates, 
causing said first latch arm to be released. 

168. The device of claim 167 wherein said plunger device includes means for 
releasing said second latch arm, said releasing means contacting said second latch arm as 
said plunger device reaches said second position, thereby causing said second latch arm 
to be released. 

169. The device of claim 168 wherein said electrically driven actuator 
comprises one of a shape memory alloy, a shape memory polymer, a piezo electric 
actuator and a solenoid. 

170. The device of claim 166 wherein said third position is said first position. 
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171. The device of claim 166 wherein said third position is within said housing 
and further away from said exit port than said first position. 

172. The device of claim 166 wherein said third position is between said first 
and second positions, such that said penetrating member is located between said distal 
end of said flexible cannula and said exit port of said housing. 

173. A device for delivering fluid to a person comprising: 

a reservoir for containing a fluid to be delivered to the person; 

a fluid transport device for dispensing fluid from said reservoir to the person, said 
fluid transport device including at least two cannulas, each of said at least two cannulas 
having a proximal end capable of being in fluid coimnunication with said reservoir and a 
distal end having a penetrating member for pierciug the skin of the person to facilitate 
the delivery of fluid to the person through the cannula; 

a housing containing said reservoir and said fluid transport device, said housing 
including at least one exit port for receiving said distal end of each of said at least two 
caimulas upon injection of each distal end into the skin of the person; and 

an injection activation device for seperately injecting each of said at least two 
cannulas into the skin of the person, wherein, when a cannula is injected into the skin of 
the person, the injected cannula is in fluid communication with said reservoir and other, 
non-injected caimulas are not in fluid communication with said reservoir. 
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